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. F I N A L REPORT
R I C H A R D S O N F L A T S T A I L I N G S S I T E

T D D I T 0 8 - 9 2 0 4 - 0 1 5 a n d f T 0 8 - 9 2 1 0 - 0 5 0
P A N E U T 0 0 3 9 S B A a n d E U T 0 0 3 9 S D A

1 .0 INTRODUCTION AND P U R P O S E
T h i s r e p o r t i s w r i t t e n t o s a t i s f y t h e r e q u i r e m e n t s o f T e c h n i c a l

D i r e c t i o n Documen t s ( T D D s ) f t T 0 8 - 9 2 0 4 - 0 1 5 a n d T08-9210-050 i s sued t o t o
t h e E c o l o g y a n d E n v i r o n m e n t , I n c . T e c h n i c a l A s s i s t a n c e T e a m ( E & E - T A T )
b y t h e R e g i o n V I I I U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( U S E P A )
Emergency R e s p o n s e Branch ( E R B ) . T h i s work w a s begun i n A p r i l 1992.
O t h e r r e p o r t s s u b m i t t e d b y t h e T A T u n d e r t h i s T D D i n c l u d e : " T r i p
R e p o r t , R i c h a r d s o n F l a t s T a i l i n g s S i t e , A u g u s t 1 7 , 1 9 9 2 " ; a n d
" I n s p e c t i o n o f t h e T a i l i n g s D a m a t R i c h a r d s o n F l a t s , M e m o r a n d u m t o
E P A - O S C " , A u g u s t 6 , 1992. W i t h i n t h i s same t i m e f r a m e t h e T A T h a s al so
p e r f o r m e d work r e l e v a n t t o t h e s i t e under thr e e s e p a r a t e T D D s
( T 0 8 - 9 2 0 4 - 0 4 1 , T08-9207-019 a n d T 0 8 - 9 2 1 0 - 0 4 1 ) . R e p o r t s / d o c u m e n t s
g e n e r a t e d by the TAT a s a r e s u l t o f th e s e three TDDs are: the " R e p o r t
o f D r i l l i n g A c t i v i t i e s , R i c h a r d s o n F l a t s T a i l i n g s S i t e , J u l y 1 3 , 1992";
" R e s p o n s e t o P R P s S e p t e m b e r 1 0 , 1992 M e m o r a n d u m R e g a r d i n g W e l l
I n s t a l l a t i o n A c t i v i t i e s , M e m o r a n d u m t o E P A / O S C , S e p t e m b e r 1 1 , 1992"; a n d
"Report o f S a m p l i n g A c t i v i t i e s , J a n u a r y 4 , 1993".

A l s o re levant t o t h i s work i s th e r e p o r t e n t i t l e d " A i r S a m p l i n g and
A n a l y s i s , F i n a l R e p o r t " , A u g u s t 1992, p r e p a r e d b y t h e E n v i r o n m e n t a l
R e s p o n s e . T e a m ( E R T ) o f t h e U S E P A .

T h e R i c h a r d s o n F l a t s T a i l i n g s s i t e i s l o c a t e d three a n d o n e - h a l f
m i l e s n o r t h e a s t o f Park C i t y , S u m m i t C o u n t y , U t a h . O n a p p r o x i m a t e l y
160 acres f r o m 1975 t h r o u g h 1981 mine t a i l i n g s were p l a c e d by s l urry
p i p e l i n e f r o m mines owned b y U n i t e d P a r k C i t y M i n e s ( U P C M ) . A smal l
p o r t i o n o f t h e s i t e w a s al so used f o r a m u n i c i p a l / s a n i t a r y l a n d f i l l
d u r i n g the mid-1970s .

T h e Richard s on F l a t s T a i l i n g s s i t e a p p e a r e d i n t h e F e d e r a l R e g i s t e r
o n F e b r u a r y 7 , 1992 a s a p r o p o s e d N a t i o n a l P r i o r i t i e s L i s t ( N P L ) s i t e .
Because o f t h i s p r o p o s e d l i s t i n g t h e U S E P A / E R B became r e s p o n s i b l e f o r
as suring i m m e d i a t e s i t e s a f e t y f o r t h e i n t e r i m p e r i o d f o l l o w i n g p r o p o s e d
l i s t i n g through t h e i n i t i a t i o n o f r emedial a c t i v i t i e s . T h e p u r p o s e o f
t h i s work has thu s been to examine the s i t e in t e rms o f i m m e d i a t e
t h r e a t s to human h e a l t h or the environment. T h i s r e p o r t is a summary of
f i n d i n g s t o t ha t end.



2 . 0 S U M M A R Y A N D R E C O M M E N D A T I O N S
F o u r areas o f concern a t t h e R i c h a r d s o n F l a t s T a i l i n g s s i t e have

been e x a m i n e d t o d e t e r m i n e i m m e d i a t e t h r e a t s t o human h e a l t h o r t h e
e n v i r o n m e n t . T h e s e f o u r areas are: 1. the a irborne r e l ea s e o f
c o n t a m i n a n t s ; 2 . the r e l ea s e o f c o n t a m i n a n t s f r o m the t a i l i n g s area; 3 .
t h e re l ease o f c o n t a m i n a n t s f r o m t h e m u n i c i p a l / s a n i t a r y l a n d f i l l area;
and 4. s i t e access. In g e n e r a l , the s i t e p r e s e n t s l i t t l e or no
i m m e d i a t e t h r e a t to human h e a l t h or the e n v i r o n m e n t . F o l l o w i n g i s a
summary o f s p e c i f i c f i n d i n g s a n d s p e c i f i c r e c o m m e n d a t i o n s t o assure s i t e
s a f e t y i n t h e i n t e r i m p e r i o d p r e c e d i n g r e m e d i a l a c t i v i t i e s .
F i n d i n g s

o A i r b o r n e r e l e a s e s o f m e t a l c o n t a m i n a n t s f r o m t h e t a i l i n g s area
have been m i n i m i z e d and do not p o s e an i m m e d i a t e t h r e a t .

o E x i s t i n g so i l and s a l t gras s cover over the t a i l i n g s area are
p r o v i d i n g a d e q u a t e d u s t s u p p r e s s i n g c a p a b i l i t y t o p r e v e n t a n
i m m e d i a t e t h r e a t o f a i r borne c o n t a m i n a n t r e l ea s e s . F o r t h e l o n g
t e rm however, s o i l cover i s s p a r s e and s a l t grass may d i s a p p e a r
a s t h e s i t e b ecomes d r i e r . I n t h e l o n g t e r m , d u s t y c o n d i t i o n s
may recur.

o S o i l b e i n g used b y U P C M f o r t a i l i n g s cover d o e s n o t c o n t a i n
c o n t a m i n a n t s a t c o n c e n t r a t i o n s t h a t p o s e an i m m e d i a t e t h r e a t t o
human h e a l t h or the e n v i r o n m e n t .

o T h e r e i s no i m m e d i a t e t h r e a t o f gros s f a i l u r e o f th e t a i l i n g s
c o n t a i n m e n t s t r u c t u r e . T h e r e i s s e e p a g e , however, t h r o u g h
a n d / o r around the dam end o f the s t r u c t u r e . In the summer o f
1992, a h i l l s i d e d i v e r s i o n d i t c h on th e n o r t h p e r i m e t e r o f t h e
t a i l i n g s area h a d a l s o been c u t o f f f r o m t h e main d r a i n a g e
d i t c h . T h i s c ou ld p e r m i t r u n o f f i n t o t h e t a i l i n g s area.

o D u r i n g t h e p e r i o d o f t h i s a s s e s s m e n t , s u r f a c e wa t e r f l o w a n d
r u n o f f f r o m th e t a i l i n g s area va s very low. A l m o s t no
c o n t a m i n a n t s a t t r i b u t e d t o t h e s i t e cou ld b e d o c u m e n t e d e n t e r i n g
l o ca l s u r f a c e wa t er . T h e e x c e p t i o n w a s t h e d o c u m e n t a t i o n o f a
re l ea s e o f lead (151 u g / 1 ) t o S i l v e r Creek f r o m t h e s i t e .
A l t h o u g h t h i s r e l ea s e i s ' a very i m p o r t a n t f i n d i n g , i t i s n o t
con s ider ed an i m m e d i a t e thr ea t to human h e a l t h and the
environment . T h i s re lease would be b e t t e r a d d r e s s e d by a
c o m p r e h e n s i v e remedial p l a n ra ther than by emergency r e s p o n s e
a c t i on s .

o The p l a c e m e n t o f . t a i l i n g s ha s c o n t r i b u t e d t o a s i g n i f i c a n t rise
i n t o t a l d i s s o l v e d s o l i d s ( T D S ) o f s h a l l o w . g r o u n d w a t e r .
C o n c e n t r a t i o n s o f i n d i v i d u a l m e t a l c o n t a m i n a n t s d o n o t increase
t o s i g n i f i c a n t l e v e l s w i t h i n s h a l l o w g r o u n d w a t e r near t h e
t a i l i n g s area.

o S e d i m e n t i n t h e " w e t l a n d s " area o f t h e s i t e b e t w e e n S i l v e r C r e e ka n d t h e base o f t h e t a i l i n g s d a m i s s e v e r e l y c o n t a m i n a t e d w i t h



t a i l i n g s m a t e r i a l a n d t h e a s s o c i a t e d h i g h l e v e l s o f m e t a l s
( a r s e n i c , c a d m i u m , l e a d , . . . .). Because t h i s area i s s i x t o
e i g h t f e e t above S i l v e r C r e e k a n d s u r f a c e w a t e r f l o w t h r o u g h i t
i s f r o m t h e d i v e r s i o n d i t c h a n d f r o m s e e p a g e t h r o u g h t h e
t a i l i n g s c o n t a i n m e n t s t r u c t u r e , t h i s s e d i m e n t c o n t a m i n a t i o n
a p p e a r s d i r e c t l y a t t r i b u t a b l e . t o t h e s i t e . A l t h o u g h t h i s i s a
very s i g n i f i c a n t f i n d i n g , c o n t a m i n a t e d s e d i m e n t i s r e l a t i v e l y
i m m o b i l e a n d t h e r e s u l t o f a l o n g t e r m p r o c e s s . I t i s n o t
c o n s i d e r e d an i m m e d i a t e t h r e a t and w o u l d b e b e t t e r a d d r e s s e d by
a c o m p r e h e n s i v e r emed ia l p l a n ra th er than by emergency r e s p o n s e
a c t i o n s .

o In the area o f the m u n i c i p a l / s a n i t a r y l a n d f i l l , no organi c or
i n o r g a n i c c o n t a m i n a n t s t h a t c o u l d b e a t t r i b u t e d t o t h e s i t e vere
d e t e c t e d i n s u r f a c e w a t e r .

o S h a l l o w g r o u n d w a t e r i n t h e area o f t h e m u n i c i p a l / s a n i t a r y
l a n d f i l l shoved n o o r g a n i c c o n t a m i n a n t s a t t r i b u t e d t o t h e s i t e ; ,
however, IDS and ar s enic c o n c e n t r a t i o n s do show increase s which
are a t t r i b u t e d t o th e s i t e .

o S i t e access h a s been s a t i s f a c t o r i l y l i m i t e d b y a s e c u r i t y f e n c e
s u r r o u n d i n g t h e s i t e .

R e c o m m e n d a t i o n s
o A l t h o u g h s e r i o u s e n v i r o n m e n t a l concerns have been d o c u m e n t e d at

t h e Richard son F l a t s T a i l i n g s s i t e , t h i s r e p o r t doe s n o t
recommend t h a t any of t h e s e concerns be a d d r e s s e d w i t h emergency
r e s p o n s e a c t i o n s as i m m e d i a t e t h r e a t s to human h e a l t h or the
env ironment . T h e concerns o f s u r f a c e wa t e r , g r o u n d w a t e r , a n d
s e d i m e n t c o n t a m i n a t i o n a n d p o t e n t i a l airborne re l ease s o f m e t a l s
d o c u m e n t e d by t h i s and o t h e r s t u d i e s are p r o b l e m s which have
e x i s t e d f o r many year s . T h e s e v e r i t y o f t h e s e p r o b l e m s w i l l n o t
increase d r a m a t i c a l l y b u t w i l l p e r s i s t a t a s t e a d y l e v e l . T h i s
r e p o r t r e c ommend s t h a t a l l concerns a t t h e R i c h a r d s o n F l a t s
T a i l i n g s s i t e b e a d d r e s s e d t h r o u g h t h e c o m p r e h e n s i v e r e m e d i a l
p l a n n i n g proc e s s which N P L s i t e s a r e s u b j e c t t o . T h e b o d y o f
t h i s r e p o r t shou ld c l a r i f y some o f th e s i t e concerns and s h o u l d
a s s i s t in d e v e l o p i n g the remedial p l a n s .

3 . 0 S I T E A C T I V I T I E S
F o l l o w i n g a n i n i t i a l s i t e v i s i t i n A p r i l 1992, t h e T A T p r e p a r e d a

work p l a n t o a s s e s s c o n t a m i n a n t r e l ea s e s t o g r o u n d v a t e r , s u r f a c e w a t e r ,
and to the l o ca l env i ronment v ia the a ir p a t h w a y . C o n t a m i n a n t s o f
concern i n c l u d e m e t a l s f r o m t h e t a i l i n g s area a n d t h e l a n d f i l l area, a n d
several t y p e s o f p o t e n t i a l organic c o n t a m i n a n t s f r o m t h e l a n d f i l l area.

A d d i t i o n a l m o n i t o r i n g w e l l s were i n s t a l l e d a t t h e s i t e d u r i n g th e
week of J u n e 22, 1992. Air m o n i t o r i n g was c o n d u c t e d by the ERT on J u n e
10 and 11, 1992. D u r i n g the week of A u g u s t 3, 1992 the TAT was on- s i t e
f o r s everal a c t i v i t i e s i n c l u d i n g g r o u n d w a t e r a n d s u r f a c e w a t e r s a m p l i n g ,
d e t e r m i n a t i o n o f d e p t h o f cover o n t h e t a i l i n g s area, s a m p l i n g o f cover



s o i l m a t e r i a l , a n d i n s p e c t i o n o f t h e t a i l i n g s c o n t a i n m e n t s t r u c t u r e a n d
d i v e r s i o n d i t c h s y s t e m . A d d i t i o n a l g r o u n d w a t e r s a m p l i n g o c c u r r e d d u r i n g
t h e week o f N o v e m b e r 9 , 1992.
4 . 0 R E S U L T S A N D F I N D I N G S
4 . 1 A I R M O N I T O R I N G

I n J u l y 1986 a i r m o n i t o r i n g d o c u m e n t e d t h e a irborne r e l ea s e o f
ar s en i c , c a d m i u m , l e a d , a n d zinc i n p a r t i c u l a t e f o r m f r o m t h e R i c h a r d s o n
F l a t s T a i l i n g s s i t e . S i n c e t h a t t i m e U P C M h a s p l a c e d cover s o i l over
a p p r o x i m a t e l y 8 5 % ( U P C M ' s e s t i m a t e ) o f t h e t a i l i n g s area. O n J u n e 1 0
and 11, 1992 air s a m p l e s were a g a i n c o l l e c t e d to a s s e s s the a i r b o r n e
re l ea s e o f th e s e f o u r m e t a l s . A t 5 s a m p l i n g l o c a t i o n s o n t h e s i t e ' s
p e r i m e t e r b o u n d a r y 1 7 a i r s a m p l e s were c o l l e c t e d . T h e s a m p l i n g
p r o c e d u r e a n d a n a l y t i c a l r e s u l t s a r e c o n t a i n e d i n t h e i r e n t i r e t y i n t h e
A i r S a m p l i n g a n d A n a l y s i s , F i n a l R e p o r t , R i c h a r d s o n F l a t s , A u g u s t 1 9 9 2 ,
p r e p a r e d b y t h e U S E P A / E R T . I n s u m m a r y , t h e s e a i r m o n i t o r i n g a c t i v i t i e s
shoved no d e t e c t a b l e l e v e l s o f cadmium, l e a d , or arsenic in any s a m p l e s .
T r a c e l e v e l s o f z inc ( a t t h e l ev e l o f q u a n t i t a t i o n ) were d e t e c t e d i n
f o u r s a m p l e s o n l y . N o s a m p l e s o n a n y d a y u n d e r a n y wind c o n d i t i o n
e x h i b i t e d e l e v a t e d l e v e l s o f c o n t a m i n a n t s . R e s t r i c t i o n f r o m s i t e acces s
p r e c l u d e d t h e i m p l e m e n t a t i o n o f t h e o p t i m u m s a m p l i n g s t r a t e g y ; however a
c o n c l u s i o n can s t i l l b e made t h a t a irborne re l ea se s o f c o n t a m i n a n t s f r o m
t h e R i c h a r d s o n F l a t s T a i l i n g s s i t e a r e n o t p o s i n g a n i m m e d i a t e t h r e a t t o
human h e a l t h or the e n v i r o n m e n t .
4 . 2 T A I L I N G S A S S E S S M E N T

4.2.1 D E P T H O F C O V E R
D e p t h of cover was d e t e r m i n e d at 29 l o c a t i o n s over the t a i l i n g s

area. T h e s e l o c a t i o n s are d e p i c t e d on F i g u r e 2 . L o c a t i o n s were
d e t e r m i n e d b y f i r s t e s t a b l i s h i n g a r e f e r e n c e l i n e i n a n a p p r o x i m a t e
d i r e c t i o n o f n o r t h w e s t t o s o u t h e a s t t h r o u g h t h e t a i l i n g s area ( F i g u r e
1). T h i s r e f e r e n c e l i n e i n c l u d e s and i s a c o n t i n u a t i o n o f a s t r a i g h t
p o r t i o n of the t a i l i n g s c on ta inmen t s t r u c t u r e as shown in F i g u r e 1.
P o i n t s were marked a l o n g t h i s r e f e r e n c e l i n e at 200 or 400 f o o t
i n t e r v a l s . At 2800 f e e t f r o m t h e base p o i n t a second r e f e r e n c e l i n e wa s
e s t a b l i s h e d i n a p e r p e n d i c u l a r d i r e c t i o n t o t h e f i r s t r e f e r e n c e l i n e .
T h i s second r e f e r e n c e l ine e x t e n d e d i n a n a p p r o x i m a t e d i r e c t i o n f r o m
s o u t h w e s t t o n o r t h e a s t . F o r t h e p u r p o s e o f s a m p l i n g o r soi l cover
m e a s u r e m e n t s , a l l l o c a t i o n s w i t h i n t h e t a i l i n g s area were i d e n t i f i e d
r e l a t i v e t o t h e s e t w o r e f e r e n c e l i n e s . F o r e x a m p l e , a s a m p l e l o c a t i o n
i d e n t i f i e d a s 1900, 800L would b e 1900 f e e t f r o m ' t h e base p o i n t ( u s i n g
t h e f i r s t r e f e r e n c e l i n e ) a n d 8 0 0 f e e t t o t h e l e f t ( n o r t h e a s t ) us ing t h e
second r e f e r e n c e l i n e .

S a m p l e l o c a t i o n s were on an a p p r o x i m a t e gr id p a t t e r n o f 400 f e e t x
400 f e e t . The grid covered most o f the t a i l i n g s area. T a b l e 1 p r e s e n t s
t h e r e s u l t s o f cover d e p t h m e a s u r e m e n t s . A t a l l b u t ' o n e l o c a t i o n a
d i s t i n c t l i n e c ou ld be seen b e twe en s o i l cover and gray c o l o r e d t a i l i n g s
b e n e a t h t h e cover. X - r a y f l u o r e s c e n c e ( X R F ) m e a s u r e m e n t s f o r l ead were
taken t o c o n f i r m th e visual d e t e r m i n a t i o n o f cover d e p t h o r t o d e t e r m i n e



cover d e p t h where a d i s t i n c t l i n e w a s n o t v i s i b l e . A s seen i n T a b l e 1 ,
much o f th e t a i l i n g s area i s covered w i t h a s a l t gras s . T h i s i s a
n a t i v e grass which a p p e a r e d t o f o r m an e x c e l l e n t cover on the t a i l i n g s .
W h e r e th e s a l t g r a s s i s p r e s e n t no s o i l cover had been p l a c e d over the
t a i l i n g s ; however r o o t s o f t h e gra s s e x t e n d e d f i v e t o s i x in che s b e l o w
ground s u r f a c e , and th e r o o t s and th e gras s i t s e l f f o r m e d an e f f e c t i v e
d u s t s u p p r e s s i n g m a t o n t o p o f t a i l i n g s m a t e r i a l .

T h e g r i d p a t t e r n shown i n F i g u r e 2 r e p r e s e n t much o f t h e e n t i r e
t a i l i n g s area. Of the 29 p o i n t s on t h i s g r i d on ly 1 p o i n t had no cover
s o i l a n d n o s a l t gra s s p r e s e n t . N i n e o f t h e 2 9 p o i n t s ( a p p r o x i m a t e l y 3 0
p e r c e n t ) had no cover s o i l p r e s e n t . At the 20 p o i n t s where cover s o i l
was p r e s e n t , the cover s o i l was 6 in che s t h i c k or l e s s at 6 p o i n t s and
g r e a t e r than 6 inches in t h i c k n e s s at 14 p o i n t s .

I t i s i m p o r t a n t t o n o t e t h a t t h e s a l t gras s w h i c h became
e s t a b l i s h e d on th e t a i l i n g s area i s l i k e l y d e p e n d e n t u p o n a m o i s t
environment f o r s u r v i v a l . T h i s grass became e s t a b l i s h e d when t a i l i n g s ,
were s l u r r i e d t o t h e s i t e c r e a t i n g p e r i o d s o f s t a n d i n g w a t e r . T h e gra s s
m a y s l o w l y d i s a p p e a r , a n d i t s e x t e n s i v e root s y s t e m m a y make c o n d i t i o n s
d i f f i c u l t f o r o t h e r p l a n t s t o become e s t a b l i s h e d .

U P C M h a s e x p r e s s e d i n t e n t i o n s o f a d d i n g s o i l cover t o t h a t s m a l l
p o r t i o n o f the s i t e which c u r r e n t l y has no s o i l cover or where s a l t
grass i s no t e s t a b l i s h e d . W h e n t h i s i s c o m p l e t e d , th e t a i l i n g s area
w i l l have a d e q u a t e cover t o p r e v e n t an i m m e d i a t e t h r e a t o f e x c e s s i v e
d u s t . Much o f t h e e x i s t i n g so i l cover, however , i s s p a r s e ( l e s s than
six inches in t h i c k n e s s ) ; and much of the area is covered w i t h a s a l t
grass t h a t may d i s a p p e a r a s the s i t e becomes dr i er . D u s t y c o n d i t i o n s
c ou ld recur i n t h e f u t u r e i f p r o p e r so i l cover over t h e e n t i r e t a i l i n g s
area i s not a p p l i e d .

4.2.2 C O V E R S O I L A N A L Y S E S
F i g u r e 2 shows th e l o c a t i o n o f s i x s o i l s a m p l e s c o l l e c t e d on A u g u s t

6 , 1992. Each o f the se s a m p l e s , e x c e p t s a m p l e R F - S O - 3 , wa s taken f r o m
so i l t h a t was a d d e d by UPCM as cover to the s i t e . T a b l e 2 c o n t a i n s
a n a l y t i c a l r e s u l t s f o r t h e s e s a m p l e s a n d t h e normal ranges f o r t h e s e
e l e m e n t s i n s o i l s o f t h e w e s t e rn U n i t e d S t a t e s . S a m p l e R F - S O - 3 w a s
c o l l e c t e d w i t h i n an area covered by sa l t grass. As d i s c u s s e d , where
s a l t grass is c u r r e n t l y e s t a b l i s h e d soil cover has not been a d d e d by
U P C M . T h i s s o i l s a m p l e i s more l i k e l y t o b e r e p r e s e n t a t i v e o f t a i l i n g s
m a t e r i a l .

A s T a b l e 2 s hows , c o n s t i t u e n t s o f s o i l cover d o n o t c o n s i s t e n t l y
f a l l i n t o t h e normal ranges f o r a l l e l e m e n t s . I n so i l cover s a m p l e s ,
however, no con taminant is g r o s s l y out of l ine f r o m the normal ranges
p r e s e n t e d i n T a b l e 2 . R e s u l t s f o r s a m p l e R F - S O - 0 3 show very h i g h
c o n c e n t r a t i o n s o f a n t i m o n y , a r s en i c , c a d m i u m , c o p p e r , l e a d , mer cury ,
s e l e n i u m , and zinc; however t h i s s a m p l e i s t a i l i n g s , not cover m a t e r i a l .
I t a p p e a r s t h a t so i l be ing used f o r cover m a t e r i a l b y U P C M d o e s n o t
c o n t a i n c o n t a m i n a n t s a t c o n c e n t r a t i o n s t h a t wou ld p o s e an i m m e d i a t e
t h r e a t to human h e a l t h or the e n v i r o n m e n t .



4.2.3 T A I L I N G S C O N T A I N M E N T
O n A u g u s t 4 , 1992 t h e T A T i n s p e c t e d t h e t a i l i n g s c o n t a i n m e n t

s t r u c t u r e . T h i s i n s p e c t i o n d i d n o t i n c l u d e t r e n c h i n g o r b o r i n g i n t o t h e
embankment and thus vas not a f u l l a s s e s sment o f the s t r u c t u r e . R e s u l t s
o f t h i s i n s p e c t i o n were s ummar iz ed in a memorandum to the OSC d a t e d

' A u g u s t 8 , 1992.. T h i s memo i s i n c l u d e d w i t h t h i s r e p o r t a s A p p e n d i x A .
I m p o r t a n t f i n d i n g s o f t h i s i n s p e c t i o n f o l l o w .

1. M a i n E m b a n k m e n t .
The main embankment i s o v e r s t e e p l y i n g a t 1.0:1.0 to 1.5:1.0
( r u n : r i s e ) . A p p r o x i m a t e l y s i x inches o f f i n e d r y s a n d , p o s s i b l y
w i n d b l o w n t a i l i n g s , were no t ed under a thre e inch t o p s o i l cover
layer on the d o w n s t r e a m f a c e of the embankment . The sand has no
s t r e n g t h and w i l l e r o d e q u i c k l y i f e x p o s e d . A 35% to 50% gra s s
cover was on mo s t o f th e e m b a n k m e n t w h i c h w i l l h e l p in e r o s i o n
c o n t r o l . N o c r a c k i n g w a s e v i d e n t o n t h e e m b a n k m e n t , a l t h o u g h
the sand l a y e r w o u l d t e n d to h i d e any s m a l l c r a c k i n g . A l s o , no -
b e n d i n g ( b u l g i n g ) was n o t e d on the embankment .

2 . T o e o f t h e M a i n E m b a n k m e n t .
Rank v e g e t a t i o n , i n t h e f o r m o f w i l l o . w s a n d t r e e s , i s g r o w i n g a t
t h e t o e o f t h e dam. A p p r o x i m a t e l y e i g h t inche s o f l o a m y d a m p
s o i l i s e v i d e n t , o n t h e t o e o f t h e dam. T h e amount o f v e g e t a t i o n
and the t y p e o f s o i l s on th e t o e o f th e dam i n d i c a t e t h a t th e
area receives a lot of water . As wet s o i l s were n o t e d
a p p r o x i m a t e l y s i x t o e i g h t f e e t above t h e s t r eam level t h i s
water i s p r o b a b l y due to s e e p a g e under the dam. Other ev id enc e
o f s e e p a g e f r o m t h e t o e o f t h e d a m w a s e v i d e n t i n t h e f o r m s o f ; j .
s o f t marshy areas, rank v e g e t a t i o n i n c l u d i n g w i l l o w s , l o a m y • :
s o i l s , d a m p s o i l s , a n d areas where w a t e r h a d been s t a n d i n g > :( a l t h o u g h no s t a n d i n g w a t e r was ob s erved on A u g u s t 4 , 1 9 9 2 ) .

3 . T h e N o r t h A b u t m e n t . ;A s w a m p y , l o a m y area on the n o r t h a b u t m e n t , a d j a c e n t to where . \ .
t h e embankment m e e t s t h e a b u t m e n t , w a s n o t e d ' . T h e area w a s w e l l )
above t h e t o e o f t h e d a m a t t h e l o c a t i o n o f t h e n o r t h m o n i t o r i n g
w e l l . T h i s we l l r e charged q u i c k l y when b a i l e d . T h e s e ;
c o n d i t i o n s i n d i c a t e tha t water s e eps around or t h r o u g h the -
contac t be tween the abu tment and the embankment. U n d e r f u l l (
head c o n d i t i o n s ( s a t u r a t e d t a i l i n g s ) t h i s would be an area where ;
f a i l u r e o f the embankment could occur. :

4. C r e s t of the M a i n E m b a n k m e n t . •;
The cres t i s s l o p e d back t oward the t a i l i n g s area a l l o w i n g any |
water to drain back to the t a i l i n g s p o n d . H o w e v e r , small ?•erosional g u l l i e s are f o r m i n g on the crest and d o w n s t r e a m f a c e - \
of the dam and could e v e n t u a l l y lead to larger g u l l y i n g on the "
dam. . ' . :

5 . W a t e r F l o w .
W a t e r e l e v a t i o n s behind the embankment are unknown, however the :"
e l e v a t i o n o f water in the d i t c h and the pond s o u t h o f the
t a i l i n g s area a r e p r o b a b l y i n d i c a t i v e o f t h e e l e v a t i o n o f



g r o u n d v a t e r b e h i n d t h e e m b a n k m e n t . F r o m t h e i n f o r m a t i o n
a v a i l a b l e i n t h e Dames & M n o r e , I n c . r e p o r t s , i t i s u n l i k e l y
t h a t a c u t o f f vail w a s i n s t a l l e d around t h e p e r i m e t e r o f t h e
p o n d t o c o n t r o l s e e p a g e under e i t h e r the embankment or the d i k e .
T h e p i e z o m e t e r l o c a t e d o n t h e t o e o f t h e d a m i n d i c a t e d t h e w a t e r
l eve l t o b e f i v e f e e t b e l ov ground s u r f a c e . T h e s w a m p y ground
and r e c h a r g e r a t e o f t h e m o n i t o r i n g we l l on th e n o r t h a b u t m e n t
i n d i c a t e s t h a t w a t e r f l o w f r o m some source i s o c c u r r i n g .
I n s p e c t i o n o f t h e road c u t n o r t h o f t h e a b u t m e n t r e v e a l e d n o
s e ep s . W i t h o u t f u r t h e r i n v e s t i g a t i o n i t i s c o n s e r v a t i v e t o u s e
a wors t case scenario and assume t h a t the source of the s e e p is
the wat er in the t a i l i n g s behind the dam and t h a t the
a b u t m e n t / e m b a n k m e n t c o n t a c t i s a d r a i n a g e p a t h f o r t h e w a t e r .

6. P e r i m e t e r Dike.
T h e p e r i m e t e r d i k e w a s p r o b a b l y c o n s t r u c t e d b y s t r i p p i n g
m a t e r i a l s o f f o f t h e d o w n s t r e a m s i d e a n d p i l i n g t h e
u n d i f f e r e n t i a t e d m a t e r i a l up a s a d i k e . The s l o p e s ar e , ,
a p p r o x i m a t e l y 2.0:1.0. The d i k e i s used as the access road for
t h e p o n d a n d i t s e l e v a t i o n varies f r o m t w o t o f i v e f e e t above
t h e level o f t h e t a i l i n g s i n t h e p o n d . T h e d i k e a p p e a r s t o b e
in good c o n d i t i o n .

7. D i v e r s i o n D i t c h .
A d i v e r s i o n d i t c h h a s been c o n s t r u c t e d a l o n g t h e p e r i m e t e r o f
t h e t a i l i n g s p o n d a s d e s i g n e d b y Dames & M o o r e , I n c . T h e d i t c h
d e p t h a n d w i d t h v a r i e s , g e n e r a l l y g e t t i n g d e e p e r a n d w i d e r a s i t
p r o g r e s s e s d o w n s t r e a m . S t a n d i n g wat er was e v i d e n t in most o f
t h e d i t c h on th e s o u t h e r n p e r i m e t e r o f t h e p r o p e r t y . R u s h e s ,

• . s e d g e s , a n d c a t t a i l s w e e g r o w i n g i n t h e b o t t o m o f t h e d i t c h
a l o n g the en t i r e l e n g t h . Recent work has been p e r f o r m e d by the
owners in f l a t t e n i n g the d i t c h banks and a d d i n g t o p s o i l t o the
banks. T h i s work i s a p p r o x i m a t e l y o n e - h a l f c o m p l e t e d .
A c c o r d i n g t o th e owner s , th e res t o f t h e d i t c h i s t o b e
s i m i l a r l y r e g r a d e d a n d t o p s o i l e d . A t t h e t i m e T A T i n s p e c t e d t h e
s i t e , t h e h i l l s i d e d i v e r s i o n d i t c h , o n t h e n o r t h p e r i m e t e r o f
t h e t a i l i n g s p o n d , h a d been c u t o f f f r o m t h e main d i t c h a s a
re su l t o f t o p s o i l s t r i p p i n g . T h i s i m p o r t a n t f e a t u r e s h o u l d b e
reconnected to the main d i t c h as soon as p o s s i b l e to prevent
a d d i t i o n a l water f l o w i n g i n t o t h e t a i l i n g s p o n d .

In c o n c l u s i o n , based on the observed c o n d i t i o n s of the t a i l i n g s
c o n t a i n m e n t or embankment s t r u c t u r e and the r e l a t i v e l y dry c o n d i t i o n of
t h e t a i l i n g s , t h e r e i s n o i m m e d i a t e t h r e a t o f gro s s f a i l u r e o f t h i s
s t r u c t u r e . Of more i m m e d i a t e concern are: s e e p a g e f r o m th e t o e o f t h e
dam e v i d e n c e d by w e t / s a t u r a t e d so i l we l l above s t r e a m l e v e l ; s e e p a g e
around or t h r o u g h the c on tac t be tween the a b u t m e n t and the embankment
near th e l o c a t i o n o f t h e n o r t h e r n m o s t g r o u n d w a t e r m o n i t o r i n g w e l l ; and
th e h i l l s i d e d i v e r s i o n d i t c h l o c a t e d on th e n o r t h p e r i m e t e r o f t h e
t a i l i n g s area which has been cut o f f f r o m the main dra inage d i t c h by
t o p s o i l s t r i p p i n g a c t i v i t i e s a l l o w i n g r u n o f f i n t o t h e t a i l i n g s area.

R e c o m m e n d a t i o n s i n c l u d e k e e p i n g t h e t a i l i n g s area d r y t h r o u g h t h e
m a i n t e n a n c e o f t h e d i v e r s i o n d i t c h e s . T h e c o n n e c t i o n b e t w e e n t h e



h i l l s i d e d i v e r s i o n d i t c h a n d t h e p e r i m e t e r d i v e r s i o n d i t c h s h o u l d b e
r e s t o r e d .

4.2.4 S U R F A C E W A T E R
S u r f a c e wa t er s a m p l e s c o l l e c t e d f o r a s s e s sment o f t h e t a i l i n g s area

are shown on F i g u r e 1 . T h e s e e i g h t s a m p l e numbers are R F - S W - 0 1 t h r o u g h
R F - S W - 0 8 . I n o r g a n i c a n a l y t i c a l r e s u l t s f o r s u r f a c e w a t e r s a m p l e s a r e
p r e s e n t e d i n T a b l e 3 . W i t h i n S i l v e r Cre ek s a m p l e s R F - S W - 0 1 t h r o u g h
R F - S W - 0 4 a r e c o n s i d e r e d u p g r a d i e n t o f t h e t a i l i n g s area a n d s a m p l e s
R F - S W - 0 5 a n d R F - S U - 0 6 a r e d o w n g r a d i e n t . I n c o m p a r i n g u p g r a d i e n t s a m p l e
r e s u l t s w i t h d o w n g r a d i e n t s a m p l e r e s u l t s very f e w s i g n i f i c a n t
d i f f e r e n c e s a r e n o t e d . Lead in cr ea s e s b y a f a c t o r o f 5 . 7 i n s a m p l e
R F - S W - 0 5 when c o m p a r e d t o t h e average l ead c o n c e n t r a t i o n o f t h e f o u r
u p g r a d i e n t s a m p l e s . I n s a m p l e R F - S W - 0 6 ar s en i c in cr ea s e s b y a f a c t o r o f
2 .1 and s i l v e r i n c r e a s e s by a f a c t o r o f 4 .2 when c o m p a r e d to the av erage
c o n c e n t r a t i o n o f t h e f o u r u p g r a d i e n t s a m p l e s .

I t i s i m p o r t a n t t o r e a l i z e t h a t w i t h i n s u r f a c e w a t e r m o s t m e t a l s
w i l l b e q u i c k l y o x i d i z e d , p r e c i p i t a t e , a n d t e n d t o s e t t l e o u t o f t h e
b u l k w a t e r a n d became i n c o r p o r a t e d i n t o s t r e a m s e d i m e n t . T h u s , m e t a l s
i n s u r f a c e w a t e r g e n e r a l l y a r e t r a n s p o r t e d i n p a r t i c u l a t e / s u s p e n d e d
f o r m . I n a very l o w f l o w p e r i o d o f t h e year ( A u g u s t ) , when s u r f a c e
w a t e r i s n o t t u r b u l e n t , m e t a l s a r e n o t t r a n s p o r t e d t o t h e e x t e n t t h a t
t h e y a r e t r a n s p o r t e d d u r i n g h i g h e r f l o w c o n d i t i o n s .

T h e U t a h C o d e , 26-11-2 t h r o u g h 2 0 , h a s c l a s s i f i e d t h e W e b e r River
f r o m t h e S t o d d a r d d i v e r s i o n t o t h e h e a d w a t e r s ( i n c l u d i n g S i l v e r C r e e k )
i n t h e f o l l o w i n g manner: I C - p r o t e c t e d f o r d o m e s t i c p u r p o s e s w i t h p r i o r
t r e a t m e n t by t r e a t m e n t p r o c e s s e s as required by the U t a h D e p a r t m e n t o f
H e a l t h ; 3 A - p r o t e c t e d f o r c o l d water s p e c i e s o f game f i s h a n d o t h e r co ld
water aqua t i c l i f e , i n c l u d i n g t h e necessary a q u a t i c organi sms i n t h e i r
f o o d cha in; a n d 4 - p r o t e c t e d f o r a g r i c u l t u r a l uses i n c l u d i n g i r r i g a t i o n
o f c r o p s a n d s t o c k w a t e r i n g . T h e U t a h C o d e e s t a b l i s h e s s p e c i f i c numeric
c r i t e r i a f or c o n t a m i n a n t s based upon u s e c l a s s i f i c a t i o n . '

A p p l i c a b l e inorgani c s t a n d a r d s f r o m t h e S t a t e C o d e a r e summarized
in T a b l e 4 . The U t a h C o d e p r o h i b i t s d i s c h a r g e s or p l a c e m e n t o f wa s t e sin such a manner tha t w i l l cause v i o l a t i o n s of the s e numerical
s t a n d a r d s . The S t a t e has d e s i g n a t e d S i l v e r Creek to be in three use
clas se s ( 1 C , 3 A , a n d 4 ) . F o r t h e d o m e s t i c source c las s ( 1 C ) u p g r a d i e n t
s a m p l e s f r o m S i l v e r Creek meet a l l s t a n d a r d s . T h e t w o d o w n g r a d i e n t
S i l v e r Creek s a m p l e s meet a l l s t a n d a r d s e x c e p t f o r lead in s a m p l e
R F - G W - 0 5 . T h e d a t a i n d i c a t e s tha t d u r i n g t h i s s a m p l i n g event a
v i o l a t i o n o f t h e lead s t a n d a r d f o r t h e S t a t e D o m e s t i c S o u r c e ( 1 C )
s u r f a c e wat er c l a s s wa s caused by d i s c h a r g e s f r o m th e R i c h a r d s o n F l a t
t a i l i n g s s i t e . F o r t h e A g r i c u l t u r a l C l a s s ( 4 ) t h e d a t a a l s o i n d i c a t e s a
v i o l a t i o n o f t h e lead s t a n d a r d i n s a m p l e R F - S W - 0 5 .

S t a t e s t a n d a r d s f o r C l a s s 3 A S u r f a c e W a t e r s , p r o t e c t e d f o r co ld
w a t e r s p e c i e s o f game f i s h a n d o t h e r co ld w a t e r a q u a t i c l i f e , i n c l u d i n g
t h e nec e s sary a q u a t i c o r g a n i s m s i n t h e i r f o o d cha in , a r e d i v i d e d i n t o
f o u r d a y average ( c h r o n i c ) s t a n d a r d s a n d o n e hour average ( a c u t e )
s t a n d a r d s . G r a b s a m p l e s c o l l e c t e d d u r i n g t h e week o f A u g u s t 4 , 1992



cou ld o n l y b e c o m p a r e d t o t h e a c u t e s t a n d a r d s . T h i s c o m p a r i s o n shows
t h a t u p g r a d i e n t a n d d o w n g r a d i e n t s a m p l e s f r o m S i l v e r C r e e k meet a l l
C l a s s 3 A s t a n d a r d s , e x c e p t t h o s e s t a n d a r d s f o r l ead a n d zinc wh i ch a r e
ex c e eded i n b o t h u p g r a d i e n t a n d d o w n g r a d i e n t s a m p l e s .

T h e S t a t e C o d e a l so c o n t a i n s numeric s t a n d a r d s f o r s u r f a c e w a t e r s
f o r t h e p r o t e c t i o n o f human h e a l t h . T h o s e a p p l i c a b l e i n o r g a n i c
s t a n d a r d s are a l s o p r e s e n t e d in T a b l e 4 . All u p g r a d i e n t and
d o w n g r a d i e n t s a m p l e s f r o m S i l v e r C r e e k meet t h e human h e a l t h s t a n d a r d s
f o r a n t i m o n y , c a d m i u m , c h r o m i u m , c o p p e r , s i l v e r , s e l e n i u m , a n d zinc.
B o t h u p g r a d i e n t a n d d o w n g r a d i e n t s a m p l e s f a i l t o meet human h e a l t h '
s t a n d a r d s f o r ar s en i c a n d b e r y l l i u m . O n e u p g r a d i e n t s a m p l e , R F - S W - 0 2 ,
d o e s n o t meet t h e human h e a l t h c r i t e r i a f o r n i c k e l . O n e d o w n g r a d i e n t
s a m p l e , R F - S V - 0 5 , d o e s n o t meet t h e human h e a l t h s . t andard f o r l e a d .

W h a t i s i m p o r t a n t t o t h i s r e p o r t when e x a m i n i n g i n o r g a n i c
a n a l y t i c a l d a t a f o r S i l v e r Creek a n d when c o n s i d e r i n g t h e several s t a t e
s t a n d a r d s f o r t h e p r o t e c t i o n o f s u r f a c e w a t e r s ? T h e d e t e c t i o n o f l ead
in one d o w n g r a d i e n t s a m p l e a t 151 u g / 1 i s l i k e l y the most s i g n i f i c a n t
o b s e r v a t i o n . T h i s l ead l e v e l a n d t h e r e l a t i v e l y l o w l ead c o n c e n t r a t i o n
i n t h e f o u r u p g r a d i e n t s a m p l e s c o n s t i t u t e s a v i o l a t i o n o f t h e S t a t e C o d e
f o r p r o t e c t i o n o f C l a s s 1 C a n d C l a s s 4 s u r f a c e w a t e r s . S a m p l e R F - S W - 0 5
al so d e m o n s t r a t e s a v i o l a t i o n o f t h e s t a t e s t a n d a r d f o r p r o t e c t i o n o f
human h e a l t h . T h i s s a m p l e m a y h e l p t o c o n f i r m t h e f i n d i n g s o f e a r l i e r
s t u d i e s or h i g h l i g h t an area o f concern for l a t e r remedial a c t i v i t i e s .
I n t h e c o n t e x t o f t h i s p r o j e c t , however, t h i s o b s e r v a t i o n o f a n e l e v a t e d
lead level in one of two d o w n g r a d i e n t s u r f a c e wat er s a m p l e s cannot be
seen as p o s i n g an i m m e d i a t e t hr ea t to human h e a l t h or the e n v i r o n m e n t .
A "release" has been d o c u m e n t e d , however the d o c u m e n t a t i o n of an o n g o i n g
event is sparse .

4.2.5 G R O U N D V A T E R
One u p g r a d i e n t and two d o w n g r a d i e n t m o n i t o r i n g w e l l s ( F i g u r e 1)

were s a m p l e d d u r i n g th e week o f A u g u s t 4 , 1992. R e s u l t s o f i n o r g a n i c
analyse s are p r e s e n t e d in T a b l e 6 . S a m p l e R F - G W - 0 4 i s f r o m the
u p g r a d i e n t w e l l ; s a m p l e s R F - G W - 0 5 a n d R F - G W - 0 9 a r e f r o m t w o w e l l s a t t h e
base of the t a i l i n g s dam.

C a l c u l a t i o n o f t o t a l d i s s o l v e d s o l i d s ( T D S ) level o f t h e u p g r a d i e n t
wel l shows u p g r a d i e n t g r o u n d w a t e r t o c o n t a i n l e s s than 500 p a r t s p er
m i l l i o n ( p p m ) T D S . T h i s f i n d i n g i s c o n s i s t e n t w i t h u p g r a d i e n t T D S
c o n c e n t r a t i o n s f o u n d d u r i n g p r e v i o u s s a m p l i n g a c t i v i t i e s i n A u g u s t 1985.

S t a t e o f U t a h V a s t e w a t e r D i s p o s a l R e g u l a t i o n s , P a r t I I , S t a n d a r d s
o f Q u a l i t y f o r W a t e r s o f t h e S t a t e e s t a b l i s h e s c la s s e s o f g r o u n d w a t e r .
I f on ly f i l t e r e d s a m p l e s a r e c o n s i d e r e d , u p g r a d i e n t g r o u n d w a t e r wou ld b e
c l a s s i f i e d 1 A , P r i s t i n e G r o u n d w a t e r . I f u n f a l t e r e d - s a m p l e s a r e
e v a l u a t e d , u p g r a d i e n t g r o u n d w a t e r would b e c l a s s i f i e d I I I , L i m i t e d U s e
G r o u n d w a t e r . S t a t e r e g u l a t i o n s a l s o e s t a b l i s h p r o t e c t i o n c r i t e r i a which
p r o h i b i t d i s c h a r g e s t o g r o u n d w a t e r t h a t would cause v i o l a t i o n s o f th e
numeric g r o u n d w a t e r q u a l i t y s t a n d a r d s .



C o m p a r i s o n o f u p g r a d i e n t versus d o w n g r a d i e n t wa t e r q u a l i t y f r o m
T a b l e 6 shows t h a t n o i n d i v i d u a l c o n t a m i n a n t s in cr ea s e t o c o n c e n t r a t i o n s
t h a t would cause v i o l a t i o n s o f e i t h e r C l a s s 1 A o r C l a s s I I I g r o u n d w a t e r
p r o t e c t i o n s t a n d a r d s . I D S l e v e l s , however , show increase s ( d o w n g r a d i e n t
versus u p g r a d i e n t ) w e l l i n exce s s o f t h e p r o t e c t i o n s t a n d a r d s f o r e i t h e r
C l a s s 1 A o r C l a s s I I I g r o u n d w a t e r s . T h i s increase i n T D S o f g r o u n d w a t e r
i s a t t r i b u t e d t o t h e i n f l u e n c e o f t a i l i n g s m a t e r i a l o n w a t e r c h e m i s t r y
a n d c o n s t i t u t e s a v i o l a t i o n o f s t a t e r e g u l a t i o n s p e r t a i n i n g t o t h e
p r o t e c t i o n o f g r o u n d w a t e r q u a l i t y .

4.2.6 S E D I M E N T
F i g u r e 1 shows a " w e t l a n d s " area be tween the base o f the t a i l i n g s

d a m a n d S i l v e r C r e e k . W i t h i n t h i s area f o u r s e d i m e n t s a m p l e s were
c o l l e c t e d . R e s u l t s o f i n o r g a n i c analys e s o f th e s e s a m p l e s i s p r e s e n t e d
in T a b l e 7 a l o n g w i t h t h e normal ranges o f e l e m e n t a l c o n c e n t r a t i o n s in
s o i l s o f t h e we s t e rn U n i t e d S t a t e s .

A n a l y t i c a l r e s u l t s show t h e f o l l o w i n g . A n t i m o n y i s p r e s e n t a t
l e v e l s 39 to 98 t i m e s h i g h e r than the normal maximum c o n c e n t r a t i o n in
s o i l s o f t h e w e s t e r n U n i t e d S t a t e s . A r s e n i c i s p r e s e n t a t l e v e l s 1 1 t o
28 t i m e s h i g h e r than the normal maximum c o n c e n t r a t i o n in s o i l s o f the
w e s t e r n U n i t e d S t a t e s . C a d m i u m i s p r e s e n t a t l e v e l s 7 5 t o 2 1 0 t i m e s
h i g h e r than the normal maximum c o n c e n t r a t i o n in s o i l s o f the we s t e rn
U n i t e d S t a t e s . Lead i s p r e s e n t at l e v e l s 75 to 210 t i m e s h i g h e r than
t h e normal maximum c o n c e n t r a t i o n in s o i l s o f t h e w e s t e r n U n i t e d S t a t e s .
M e r c u r y i s p r e s e n t ' a t l e v e l s 1 1 t o 7 4 t i m e s h i g h e r than t h e normal
maximum c o n c e n t r a t i o n i n s o i l s o f t h e w e s t e r n U n i t e d S t a t e s . S e l e n i u m
is pr e s en t at l ev e l s 17 to 76 t ime s h i g h e r than the normal maximum
c o n c e n t r a t i o n i n s o i l s o f t h e w e s t e r n U n i t e d S t a t e s . Z i n c i s p r e s e n t a t
l ev e l s 55 to 410 t ime s h i g h e r than the normal maximum c o n c e n t r a t i o n in
s o i l s o f t h e w e s t e r n U n i t e d S t a t e s .

W a t e r f l o w t h r o u g h t h e w e t l a n d s area i s n o w p r i m a r i l y f r o m t h e
d i v e r s i o n d i t c h . Some s e e p a g e f r o m th e t a i l i n g s area t h r o u g h or around
t h e conta inment s t r u c t u r e m a y al so i n f l u e n c e f l o w a n d / o r c h e m i s t r y o f
t h i s w e t l a n d s ( S e e R e p o r t S e c t i o n o n T a i l i n g s C o n t a i n m e n t ) . F l o w i s
toward S i l v e r Cre ek , and t h i s b a d l y c o n t a m i n a t e d s e d i m e n t a p p e a r s t o b e
t a i l i n g s m a t e r i a l t h a t i s b e ing t r a n s p o r t e d f r o m t h e s i t e .

I n T a b l e 2 , I n o r g a n i c A n a l y t i c a l R e s u l t s f o r S o i l , s a m p l e R F - S O - 0 3
w a s a s a m p l e o f t a i l i n g s m a t e r i a l . T h i s t a i l i n g s s a m p l e showed t h e
f o l l o w i n g ra t i o o f s i x e l e m e n t s : arsenic ( 4 . 3 ) ; cadmium ( 1 ) ; ca l c ium
( 7 1 3 ) ; iron ( 8 1 1 ) ; lead ( 7 0 ) ; a n d zinc ( 1 2 0 ) . I n T a b l e 7 , I n o r g a n i c
A n a l y t i c a l R e s u l t s f o r S e d i m e n t , t h e f o u r s ed imen t s a m p l e s p l u s o n e
d u p l i c a t e , when a v e r a g e d , show th e f o l l o w i n g r a t i o o f t h e same s i x
e l ement s : arsenic ( 3 . 1 ) ; cadmium ( 1 ) ; ca l c ium ( 9 0 4 ) ; iron ( 8 0 5 ) ; lead
( 7 2 ) ; and zinc ( 1 6 2 ) . T h e s e r a t i o s o f e l e m e n t s are very s i m i l a r and
l i k e l y i n d i c a t e t h a t s e d i m e n t in t h e w e t l a n d s area i s t a i l i n g s m a t e r i a l
f r o m t h e s i t e .
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4 . 3 L A N D F I L L A S S E S S M E N T
4.3.1 G R O U N D V A T E R
T h r e e m o n i t o r i n g v e i l s were i n s t a l l e d i n t h e area o f t h e l a n d f i l l

d u r i n g t h e week o f J u n e 2 2 , 1992. T h e s e v e i l s vere s a m p l e d d u r i n g t h e
veek o f N o v e m b e r 9 , 1992. S a m p l e l o c a t i o n s are shovn on F i g u r e 1 .
R e s u l t s o f i n o r g a n i c a n a l y s e s a r e p r e s e n t e d i n T a b l e 8 . T h i s t a b l e a l s o
c o n t a i n s r e s u l t s f r o m a r i n s a t e b l a n k taken d u r i n g s a m p l e c o l l e c t i o n
a n d , f o r r e f e r e n c e , r e s u l t s f r o m R F - M W - 0 4 , a d i s t a n t ba ckground
m o n i t o r i n g w e l l .

As shovn in F i g u r e 1 , the t h r e e m o n i t o r i n g w e l l s (1, 2 and 3) in
t h e area o f t h e m u n i c i p a l / s a n i t a r y l a n d f i l l r o u g h l y surround t h e
l a n d f i l l . A n a l y t i c a l r e s u l t s c o n f i r m t h a t s a m p l e l o c a t i o n R F - M W - 0 1 i s
h y d r a u l i c a l l y u p g r a d i e n t t o s a m p l e l o c a t i o n s R F - M W - 0 2 a n d R F - M W - 0 3 .
E s t i m a t e s o f t o t a l d i s s o l v e d s o l i d s ( T D S ) f o r t h i s u p g r a d i e n t m o n i t o r i n g
well show t h a t u p g r a d i e n t g r o u n d w a t e r TDS i s wel l b e low 500 p p m . Based
on the i n o r g a n i c a n a l y t i c a l r e s u l t s o f T a b l e 8 and a TDS value o f l e s s
than 5 0 0 p p m , g r o u n d w a t e r i m m e d i a t e l y u p g r a d i e n t o f t h e l a n d f i l l i s
c l a s s i f i e d a s C l a s s 1 A , P r i s t i n e G r o u n d w a t e r , b y t h e S t a t e o f U t a h
G r o u n d w a t e r Q u a l i t y S t a n d a r d s .

S t a t e p r o t e c t i o n l e v e l s f o r C l a s s 1 A g r o u n d w a t e r s a r e very r i g i d .
U t a h s t a n d a r d s i n c l u d e t h e f o l l o w i n g r equ ir ement s f o r C l a s s 1 A
g r o u n d w a t e r s .

1. TDS may not increase above 1.1 t ime s the background value.
2. In no case w i l l the TDS increase above 500 p p m .
3. W h e n a c on taminan t is p r e s e n t in a d e t e c t a b l e amount as a

background c o n c e n t r a t i o n , t h e c o n c e n t r a t i o n o f t h e p o l l u t a n t
may not exceed 1.1 t i m e s the background c o n c e n t r a t i o n or
exceed 0.1 t i m e s the g r o u n d w a t e r q u a l i t y s t a n d a r d whichever i s
g r e a t e r .

4. W h e n a c o n t a m i n a n t is not p r e s e n t in a d e t e c t a b l e amount as a
background c o n c e n t r a t i o n , t h e c o n c e n t r a t i o n o f t h e p o l l u t a n t
may not exceed 0.1 t ime s the g r o u n d w a t e r q u a l i t y s t a n d a r d
value , o r exceed th e l i m i t o f d e t e c t i o n whichever i s g r e a t e r .

5. In no case w i l l the c o n c e n t r a t i o n of a p o l l u t a n t be a l l o w e d to
exceed t h e g r o u n d w a t e r q u a l i t y s t a n d a r d .

C o m p a r i s o n o f t h e background s a m p l e , R F - M W - 0 1 , w i t h t h e t v o
d o w n g r a d i e n t s a m p l e l o c a t i o n s , R F - H V - 0 2 a n d R F - M W - 0 3 , shows t h e
f o l l o w i n g .

1. TDS l e v e l s in g r o u n d w a t e r increase in d o w n g r a d i e n t l o c a t i o n s
to c o n c e n t r a t i o n s above 500 p p m .

2 . Of s p e c i f i c i n o r g a n i c c o n t a m i n a n t s , arsenic shows th e mos t
s i g n i f i c a n t increase i n c o n c e n t r a t i o n f r o m u p g r a d i e n t t o
d o w n g r a d i e n t s a m p l e s . A r s e n i c w a s b e l ow 5 . 0 p p b o r u n d e t e c t e d
in the u p g r a d i e n t s a m p l e ( R F - G W - 0 1 ) . D i s s o l v e d ar s en i c was 24
ppb in R F - M W - 0 2 and 59 and 70 ppb in tvo s a m p l e s f r o m
R F - G W - 0 3 . T h e s t a t e g r o u n d w a t e r q u a l i t y s t a n d a r d f o r ar s eni ci s 5 0 p p b . T h i s i s a c l ear v i o l a t i o n o f s t a t e g r o u n d v a t e r
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p r o t e c t i o n r e q u i r e m e n t s w h i c h c a n b e a t t r i b u t e d t o t h e
l a n d f i l l .

T h e g r o u n d v a t e r s a m p l e s taken f r o m t h e area o f t h e l a n d f i l l were
a l s o a n a l y z e d f o r o r g a n i c c o n t a m i n a n t s ( v o l a t i l e s , b a s e - n e u t r a l acid
e x t r a c t a b l e c o m p o u n d s , a n d p e s t i c i d e s / P C B s ) . A n a l y t i c a l r e s u l t s o r
organi c ana ly s e s are not t a b u l a t e d in t h i s r e p o r t but can be s u m m a r i z e d
as f o l l o w s .

1 . F i v e v o l a t i l e c o m p o u n d s ( t o l u e n e , m e t h y l e n e c h l o r i d e , b e n z e n e ,
a c e t o n e , 1 , 2 - d i c h l o r o e t h e n e ) were f o u n d in one or more s a m p l e s
a t very l o w c o n c e n t r a t i o n s . T h e s e c o n c e n t r a t i o n s were b e l o w
t h e c o n t r a c t r e q u i r e d d e t e c t i o n l i m i t o f 1 0 p p b a n d canno t b e
c o n s i d e r e d s i g n i f i c a n t .

2 . T h r e e b a s e - n e u t r a l acid e x t r a c t a b l e c o m p o u n d s were f o u n d i n
one or more s a m p l e s a t very low c o n c e n t r a t i o n s . The t h r e e
c o m p o u n d s were p h t h a l a t e c o m p o u n d s p r e s e n t a t 1 t o 2 p p b .
T h e s e a n a l y t i c a l f i n d i n g s were n o t s i g n i f i c a n t because t h e
c o m p o u n d s were a l s o d e t e c t e d in l a b o r a t o r y b lanks or the
c o n c e n t r a t i o n s f o u n d were be low th e c o n t r a c t required
d e t e c t i o n l i m i t s . P h t h a l a t e s a r e common l a b o r a t o r y
c o n t a m i n a n t s .

3 . No p e s t i c i d e or PCS was d e t e c t e d in any o f t h e g r o u n d w a t e r
s a m p l e s ( R F - M V - 0 1 , R F - M W - 0 2 , R F - M W - 0 3 ) .

4.3.2 S U R F A C E V A T E R
Of the s ix s u r f a c e water s a m p l e l o c a t i o n s shown in F i g u r e 1 , two

l o c a t i o n s ( R F - S U - 0 1 a n d R F - S U - 0 2 ) were u p g r a d i e n t o f t h e l a n d f i l l ; t h e
o t h e r - l o c a t i o n s were d o w n g r a d i e n t . C o m p a r i s o n be tween u p g r a d i e n t and
t h e t w o c l o s e s t d o w n g r a d i e n t s a m p l e s ( R F - S V - 0 3 a n d R F - S U - 0 4 ) o f
i n o r g a n i c d a t a ( T a b l e 3 ) show n o s i g n i f i c a n t in c r ea s e s i n c o n t a m i n a n t
c o n c e n t r a t i o n s a s S i l v e r C r e e k f l o w s p a s t t h e l a n d f i l l .

T h e s e s i x s u r f a c e w a t e r s a m p l e s were al so a n a l y z e d f o r o r g a n i c s
( V O A s , B N A s , P e s t i c i d e s / P C B s ) . I n a l l s a m p l e s n o p e s t i c i d e / P C B s were
d e t e c t e d at or above the i n s t r u m e n t d e t e c t i o n l ev e l . One BNA c o m p o u n d ,
b i s ( 2 - e t h y l h e x y l ) p h t h a l a t e , Cas N u m b e r 117-81-7, was d e t e c t e d at
c o n c e n t r a t i o n s between 0.6 and 1 ppb at s a m p l e l o c a t i o n s R F - S W - 0 1 ,
R F - S W - 0 2 , R F - S V - 0 3 , and R F - S W - 0 4 . T h i s c ompound i s a very common
l a b o r a t o r y c o n t a m i n a n t . A t t h e very l o w l e v e l s d e t e c t e d i t s p r e s e n c e
cannot be c o n s i d e r e d s i g n i f i c a n t . T o l u e n e was d e t e c t e d at 3 ppb at
t hr e e s a m p l e l o c a t i o n s , R F - S V - 0 1 , R F - S W - 0 2 , a n d R F - S W - 0 3 . A t t h e s e very
l ow c o n c e n t r a t i o n s the p r e s e n c e o f t o l u e n e i s no t a c e r t a i n t y ; however
because t w o o f t h e t h r e e s a m p l e l o c a t i o n s were u p g r a d i e n t o f t h e
l a n d f i l l , t h e pr e s enc e o f t h i s c o n t a m i n a n t would n o t b e a t t r i b u t e d t o
the l a n d f i l l . '

In summary, no s i g n i f i c a n t f i n d i n g s came f r o m th e organic analyse s
o f s u r f a c e water s a m p l e s .
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4 . 4 S I T E A C C E S S
A s e c u r i t y f e n c e h a s been p u t i n p l a c e s u r r o u n d i n g t h e s i t e . Based

u p o n t h e T A T ' s i n s p e c t i o n s a n d o b s e r v a t i o n s d u r i n g s i t e a c t i v i t i e s a n d
based u p o n o b s e r v a t i o n s made by UPCM t h i s s e c u r i t y f e n c e ha s been very
e f f e c t i v e a t p r e v e n t i n g access t o t h e s i t e . B e f o r e t h e s e c u r i t y f e n c e
wa s c o n s t r u c t e d , th e s i t e wa s mos t n o t a b l y used by " o f f road" m o t o r c y c l e
e n t h u s i a s t s .

13



R F - S E - 0 4 R I C H A R D S O N
R F _ S W _ 0 7 F L A T S

a 160 320

v j u A p p r o x i m a t e l o c a t i o n o f? T \ m o n i t o r i n g w e l l s
9 f c G r o u n d w a t e r s q m p l e l o c a t i o n
• S u r f a c e w a t e r s a m p l e l o c a t i o n
A S e d i m e n t s a m p l e l o c a t i o n

A p p r o x i m a t e S c a l e

T E C H N I C A L A S S I S T A N C E T E A M F O R E M E R G E N C Y
R E S P O N S E . R E M O V A L A N D P R E V E N T I O N

E P A C O N T R A C T 6 8 - W O - O O J 7
T I T L E :

R I C H A R D S O N F L A T SP a r k C i t y . U t a h
S A M P L E L O C A T I O N M A P

T.D.D. 108-9204-01 5
e c o l o g y A: e n v i r o n m e n t , inc.

D E N V E R . C O L O R A D O
D o l e : 0 8 / 9 ? p r o w n b y . J ? S M _ S c a l e : _



22

21

20

19

18

17

16

15

13

12

10

u3400.1200L; ——3200,1200L
•

2800,1200L

k — — —2400,1200L

^000,1200L

.

1
J

— — — — a

J

«

J

S s o o ,800L

^2571,800L

9 — — —2215,800L

^1785,800L

1 407,800L

^945,800L

»»..soot

L 1 6 6 ,800L
-70. J600L

<

— — — d

«

j

.

j

• ^
k ^

k2380,400L

H 9 2 3 ,400L

^1516.400L

J 1 1 9 ,400L

L737.400L

,300,k400L
-.130,i)400L
,-70,MOOL

ft
^

——— t

— — — ^

— — — — — — — — J

— — — — — — — |

-̂2600,

k — — —2200,

1800,
k — — —

1400,
k

1000,

600.y—

200,S r — — —

' B A S E

OL

OL

OL

OL

OL

OL

OL

v.

3 9 1 0
L E G E N D

11 12 1.3 14 15 16 17 18

C o v e r d e p t h d e t e r m i n e d Cover s a m p l e c o l l e c t e d
F i g u r e 2

R I C H A R D S O N F L A T S
A. .-..,.-+ A K, R 1 C Q 9



T A B L E 1
COVER D E P T H M E A S U R E M E N T

R I C H A R D S O N F L A T T A I L I N G S S I T E
TDD rr08-9204-015

L O C A T I O N
200, OL
600, OL
1000, OL
1400, OL
1800, OL
2200, OL
2600, OL
2380, 400L
1928, 400L
1516, 400L
1119, 400L
7 3 7 , 400L
330, 400L
2800, 800L
2571, 800L
2215, 800L
1785, 800L
1407, 800L
945, 800L
531, 800L
166, 800L
130, 400L
-70, 400L
-70, 600L
2000, 1200L
2400, 1200L
2800, 1200L
3200, 1200L
3400, 1200L

DEPTH OF
COVER
10"3-6"
>18"
>18"
>18"0-6"6-10"8-9"5-6"
>6"
4"
7-8"
8"
N o Cover
( S a l t G r a s s )
No Cover
( S a l t G r a s s )
N o Cover
( S a l t G r a s s )

No Cover( S a l t G r a s s )
3T6-7"7-8"Na Cover2T
6.5"11?
No- Cover( S a l t G r a s s )
No Cover( S a l t G r a s s )No Cover
( S a l t G r a s s )

No -Cover
( S a l t G r a s s )>10"

V I S U A L
C O N F I R M A T I O N
Yes
Y e s

N o
Y e s
Y e s
Y e s
Yes
Y e s
Y e s
Y e s
Yes
Y e s
Yes
Yes
Yes
Y e s
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Y e s .
Yes

XRF
C O N F I R M A T I O N
Y e s
Y e s

Y e s
Y e s
Y e s
Y e s
Yes
Y e s
Y e s
Y e s
Y e s
Y e s
Y e s
YesYes
T e s
Yes
Y e s
YesY e s
Yes
Yes
Yes
Yes
Yes

XRF
S A M P L E N U M B E R S
R F 0 2 0 , 021
R F 0 2 2 , 0 2 3 , 0 2 4 , 0 2 5

R F 0 2 6
R F 0 2 7 , 0 2 8 , 0 2 9 , 0 3 0
R F 0 3 2 , 0 3 3 , 0 3 4 , 0 3 5
R F 0 3 6 , 0 3 7 , 0 3 8 , 0 3 9
RF040,041 ,042
R F 0 4 4 , 0 4 5
R F 0 4 8 , 0 4 9 , 0 5 0
R F 0 5 5 , 0 5 6
R F 0 5 7 , 0 5 8 , 0 5 9 , 0 6 0i
R F 0 6 1 , 0 6 2 :
R F 0 6 3 , 0 6 4 '..
R F 0 6 5 , 0 6 6
R F 0 6 7 , 0 6 8 , 0 6 9
R F 0 7 1 , 0 7 2 , 0 7 3R F 0 7 4 , 0 7 5
R F 0 7 6 , 0 7 7
R F 0 8 0 , 08 1,082
RF083,084,085
R F 0 8 6 , 0 8 7 , 0 8 8 , 0 8 9
Rf 091, 092
R F 0 9 3 , 0 9 4 -
R F 0 9 5 , 0 9 6
R F 0 9 7 , 0 9 8
RF099 , 100



A N A L Y T E

T A B L E 2
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R S O I L
C O N C E N T R A T I O N I N m g / k g

T D D #108-9204-015

N O R M A L R A N G E
( m g / k g ) *
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* D a t a F r o m : S h a c k l e t t e , H . T . , a n d Boerngen J . G . , 1984; E l e m e n t C o n c e n t r a t i o n s i n S o i l s a n d
O t h e r S u r f i c i a l M a t e r i a l s o f t h e C o n t e r m i n o u s U n i t e d S t a t e s , U . S . G e o l o g i c a l S u r v e y P r o f e s s i o n a l
P a p e r 1270, 1 0 5 p p .
* * * _ Bowen, H . J . M . , 1 9 7 9 , E n v i r o n m e n t a l C h e m i s t r y o f t h e E l e m e n t s , A c a d e m i c P r e s s , N Y .
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1 9 0 / 3 6 0 ( t r i A s )

2 . 5 / 1 2 . 5 A

1 1 / 1 6 ( h e x C r )
480/4035 ( t r i C r )
2 8 . 5 / 4 7 A

1000 ( M a x . )
2 . 5 / 5 . 7 A

. 0 1 2 / 2 . 4
3 7 7 / 3 3 9 0 A

5 / 2 0
/ 2 4 A

2 5 4 / 2 8 0 A
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A G R I C U L T U R A L ( 4 ) H E A L T H ( B )
( M a x . u g / 1 ) ( u g / 1 )

146
100 .002

.0037
10 10
100 50

200 1000

100 50
.144
13.4

50 10
50
5000

- Based on hardness level of 280 m g / 1 as
B - H u m a n h e a l t h c r i t e r i a a p p l i e d t o a l l C l a s s 1C w a t e r b o d i e s t o p r o t e c t f o r t h e
c o n s u m p t i o n o f wa t er a n d a q u a t i c o rgani sms .
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Lead
Mangane s e
M e r c u r y
N i c k e l
S e l e n i u m
S i l v e r
T h a l l i u m
Z i n c

A C U T E
C R I T E R I A
9000*
8 5 0 ( p e n t ) *
3 6 0 ( t r i )
130*
12. 5A
16
46. 8A
303A
2.4
3390A
260
24A
1400*
280A

C H R O N I C
C R I T E R I A
1600*
4 8 ( p e n t ) *
1 9 0 ( t r i )
5.3*
2 . 5 A
11
28. 5A
1000
11. 8A
0.012
377A
35 '
.12
40*
254A

V A T E R A N D F I S H
I N G E S T I O N
1.46
2.2 n g / 1 * *
1 m g / 1
6.8 ng/1**
10
50
170 m g / 1
0.3 m g / 1
50
50144 n g / 1
13.4
10 '
5013

F I S H C O N S U M P T I O N
O N L Y

17.5 n g / 1 * *

117 ng/1**

3433 m g / 1

100
146 n g / 1
100

48

F r o m : Q u a l i t y C r i t e r i a f o r W a t e r , 1986, E P A 440/5-86-001.
A - C a l c u l a t e d based on hardness at 280 m g / 1 CaCO-.
* - I n s u f f i c i e n t d a t a t o d e v e l o p c r i t e r i a . V a l u e p r e s e n t e d i s t h e L o w e s t
Observed E f f e c t Level ( L O E L ) .
** - Human h e a l t h c r i t e r i a for carcinogens r e p o r t e d for three risk l e v e l s . Value s-op r e s e n t e d is the 10 risk l evel .



T A B L E 6
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R G R O U N D U A T E R
C O N C E N T R A T I O N I N y g / 1

T D D #T08-9204-015

A N A L Y T E

A l u m i n u m
A n t i m o n y
A r s e n i c
Barium
B e r y l l i u m
C a d m i u m
C a l c i u m
C h r o m i u m
C o b a l t
C o p p e r
I r o n
L e a dM a g n e s i u m
M a n g a n e s e
M e r c u r y
N i c k e lP o t a s s i u m
S e l e n i u m
S i l v e r
S o d i u mT h a l l i u m
V a n a d i u m
Z i n c

R F - G V - 0 4
T O T A L D I S S O L V E D

( F I L T E R E D )
— — — _ _ _ — — — — — — ' — — — — —

15700
24. 3U
3 . 7 N J
1 9 6 N J
1 . 3 N J
3 . 3 U
42200

. 10.5
l l . O N J
30.0
14100
6 2 7 J
12200
1 6 2 J
0.20U
1 3 . 0 N J
3 9 7 0 N J
3.0U
2.4U16100
1 . 6 U
35. 7U
1 3 6 J

_ — — — — — — — — — — — — — — — — '
1 9 1 N J3 3 . 2 N J
3 . 6 U
9 3 . 9 N J
0.90U
3.3U
43500
7.8U
6.0U
171J
151
40. 9J
8380
19. 5 J
0.20U

, 11. 1U
1 3 6 0 N J
3.0U
10. Oil16800
1.6U
35. 7U
20. U

R F - G t f - 0 5 R F - G W - 0 9
T O T A L D I S S O L V E D T O T A L D I S S O L V E D( F I L T E R E D ) ( F I L T E R E D )

2690
24. 3U
5 . 2 N J
9 9 . 6 N J
3 . 4 N J
3.3U191000
7.8U7 . 5 N J30.0
3180
15. 6 J44200
8 9 0 J
0.20U
11. 1U
6060
15. OU
2.4U
38100
1 . 6 U
35. 7U
99. 5J

49 . 6NJ
4 0 . 5 N J
3 . 6 U
6 4 . N J
1 . 8 N J
3 . 3 U
196000
7.8U
6.0U
2 0 . 0 N J
6 2 . 6 N J
2 . 2 U
41800
6 8 4 J
0.20U
24. 9B
553015. OU
10. OU
35700
1 . 6 U U
35. 7U
1 4 . 4 N J

1630
2 8 . 4 N J
11. 3J
5 8 . 3 N J
4 . 9 N J
3 . 3 U
318000
7.8U
9 . ON J
2 0 . 0 N J
3 1 9 0 N J
31. OJ
52500
6 6 7 0 J
0.20U
2 5 . 6 N J
3 2 9 0 N J
15. OU
3 . 3NJ
48600
1 . 6 U
35. 7U
92. 5J

6 8 . 5 N J
3 5 . 9 N J
8 . 8 N J
4 6 . 2 N J
3 . 7 N J
3 . 3 U
365000
7 . 8 U
6.0U
20. OU
2170
2 . 2 U
55000 •
7 4 2 0 J
0.20U
2 8 . 9 N J
3 0 1 0 N J
15. OU
10. OU
49700
1 . 6 U
35. 7U
1 3 . 1 N J



A N A L Y T E

T A B L E 7
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R S E D I M E N T
C O N C E N T R A T I O N I N m g / k g

T D D #T08-9204-015

N O R M A L R A N G E
( m g / k g ) *

R F - S E - 0 1 R F - S E - 0 1 D R F - S E - 0 2 R F - S E - 0 3 R F - S E - 0 4

A l u m i n u m
A n t i m o n y
A r s e n i c
Barium
B e r y l l i u m
C a d m i u m
C a l c i u m
C h r o m i u m
C o b a l t
C o p p e r
I r o n
L e a d
M a g n e s i u m
M a n g a n e s e
M e r c u r y
N i c k e l
P o t a s s i u m
S e l e n i u m
S i l v e r
S o d i u m
T h a l l i u m
V a n a d i u m
Z i n c

29000-116000
0.22-1.01
2.8-10.9
337-998
0.30-1.56
0.01-2.0***
19-90
3.6-14.0
10-43
10600-41000
9-31
192-752
0.02-0.11
7-32
0.09-0.56
0.01-8***
0.1-0.8***
36-136
31-98

28800
98. 5J
202J
260
2.375. 6J
3980057. 7J
13.4
571
31400
6520
14100
3100
5 . 9 J
41.6
4760
9 . 9 J
28. 2J
4 7 2 N J
7.1
65.4
12700

28300
97. 2 J
128J
307
2.2
93. U
50800
62. 4J
20.0
725
42800
6210
14100
5060
8 . 2 J51.2
4760
14. 5 J
41. 3J
5 5 5 N J
7.8
70.6
15200

1930
85. 4J
189J
92.1
1 . 2 N J
52. 8J
56300
15. BJ
5 . 8 N J
183
31100
3010
13800
2200
2 . 7 J
13.2
8 8 6 N J
11. 4 J
10. 7J
2 0 6 N J
13.6
9 . 5 N J
8160

4530
99. OJ
310J
157
1 . IN J
64 . 9J
51000
14. 9 J
19.3
313
91900
5220
11900
2330
2 . 4 J
21.3
1120
43. U
16. 3J
6 3 4 N J
7.8
17.8
11200

11800
40. U
189J
562
2 . 3 N J
40. 3J
96000
25. OJ
1 0 . 4 N J
190
64400
2350
10900
42000
1 . 3 J
9 7 . 2
2710
12. OJ
8 . 0 J
1150
6.6
28.4
5400

* Data F r o m : S h a c k l e t t e , H . T . , a n d Boerngen J . G . , 1984; E l e m e n t C o n c e n t r a t i o n s i n
S o i l s a n d O t h e r S u r f i c i a l M a t e r i a l s o f t h e C o n t e r m i n o u s U n i t e d S t a t e s , U . S . G e o l o g i c a l
S u r v e y P r o f e s s i o n a l P a p e r 1270, 1 0 5 p p .
* * * - Bowen, H . J . M . , 1979, E n v i r o n m e n t a l C h e m i s t r y o f t h e E l e m e n t s , A c a d e m i c P r e s s ,
N Y .



TABLE 8
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R G R O U N D U A T E R - L A N D F I L L A R E A
C O N C E N T R A T I O N I N u g / L

T D D rr08-9210-041

A N A L Y T E
A l u m i n u m
A n t i m o n y
A r s e n i c
Barium
B e r y l l i u m
C a d m i u m
C a l c i u m
Chromium
C o b a l tC o p p e r
I r o n
Lead
M a g n e s i u m
M a n g a n e s eMercury
N i c k e l
P o t a s s i u m
S e l e n i u m
S i l v e r
S o d i u mT h a l l i u mV a n a d i u mZ i n c

R F - M W - 0 1
T O T A L D I S S O L V E D

( F I L T E R E D )
4600 J
14.8 U
3.8 J
178 J
0.35 U
1.5 U
102000
3.7 J
1.8 U
7.4 U
3410
1.6 J
21900
150
0.33
2.7 U1780 J
3.9 U
3.6 U
26200
3.8 U
6.8 J
24.7 U

18.1 UJ
14.8 U
3.2 U
123 J
0.30 U
1.5 U
100000
2.6 UJ
1.3 U1.9 U
5 . 8 U .
2.9 J
21000
74.9
0.17
2.6 U
1460 J
3.9 U
3.6 U
26000
3.8 U
3.2 J
7.0 U

R F - M W - 0 2 R F - M U - 0 3
• T O T A L D I S S O L V E D T O T A L D I S S O L V E D

( F I L T E R E D ) ( F I L T E R E D )
94900 J
14.8 U
66.8
1180
4.6 J
38.1
320000
110 J
44.9 J
142
77700
187
74800
22300
0.49
93.1
22100 J
19.5 UJ
3.6 U
83600
3.8 U
149
448

1710 J
14.8 U
24.2
125 J
0.30 U
1.5 U
298000
2.6 UJ
15.4 U
1.9 U
859
1.7 J
47800
19900
0.10 U
16.4 U
3800 J
3.9 U
3.6 U
82400
3.8 U
3.4 J
20.6 U

58000 J
14.8 U
81.1622
3.2 J
1.5 U
230000
66.7 J
36.1 J
51.8 U
58000
29.5
75800
11500
0.10 U
71.2
12800 J
19.5 UJ
3.6 U
85900
3.8 U
88.9
177

16.3 UJ
14.8 U
58.5
84.2 J
0.30 U
1.5 U
209000
2.6 UJ
3.5 U
1.9 U
5210
3.9
54300
8350
.0.17
8.6 U
1070 J
3.9 U
3.6 U
84000
3.8 U
2.5 U
5.7 U



T A B L E 8 C O N T .
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R G R O U N D W A T E R
C O N C E N T R A T I O N I N u g / L

T D D f t T 0 8 - 9 2 l O - 0 4 1
L A N D F I L L A R E A

A N A L Y T E
A l u m i n u m
A n t i m o n y
A r s e n i c
Barium
B e r y l l i u m
C a d m i u mC a l c i u m
Chromium
C o b a l t
C o p p e rI r o n
LeadM a g n e s i u mMangane s eMercury
N i c k e l
P o t a s s i u m
S e l e n i u m
S i l v e r
S o d i u m
T h a l l i u mV a n a d i u m
Z i n c

R F - M W - 0 3 ( D U P . )
T O T A L D I S S O L V E D

( F I L T E R E D )
44700 J
14.8 U
81.7
514
2.4 U
1.5 U
230000
48.8 J
28.2 J
37.6 U
44900
29.9
72000
11200
0.10 U
55.1
10500 J
19.5 UJ
3.6 U
87800
3.8 U69.5
136

14.7 UJ
. 14.8 U

70.0
85.1 J
0.30 U
1.5 U
211000
2.6 UJ
3.5 U
1.9 U
5240
2.7 J
54900
8440
0.10 U
7.2 U
1060 J
3.9 U
3.6 U
84700
3.8 U
2.6 J
5.7 U

R F - G W - 0 4
T O T A L D I S S O L V E D

( F I L T E R E D )
15700
24-3 U
3.7 B
196 B
1.3 B
3.3 U
42200
10.5
11.0 B30.0
14100
627 N*
12200
162 E
0.20 U
13.0 B
3970 B
3.0 UNV
2.4 UN
16100
1.6 U
35.7 UN
136 EN

191 B
33.2 B
3.6 U
93.9 B
0.90 U
3.3 U
43500
7.8 U
6.0 U
171 EN*
151
40.9 N*
8380
19.5 E
0.20 U
11.1 U
1360 B
3.0 UN
10.0 UN
16800
1.6 U
35.7 UN
20.1 EN

R F - G V - 3 0
( R I N S A T E

B L A N K )
14.7 UJ
17.9 J
3.2 U
1.4 U
0.30 U
1.5 U
201 J
2.6 UJ
1.3 U
1.9 U
18.1 U
2.7 J
49.6 U
7.0 U
0.10 U
3.4 U
108 J
3.9 U
3.6 U
259 J
3.8 U
2.5 U
5.7 U



T A B L E 9
R I C H A R D S O N F L A T S T A I L I N G S

L I S T O F I N O R G A N I C D A T A Q U A L I F I E R S
T D D #108-9204-015

B - E n t e r e d i f t h e r e p o r t e d v a l u e i s l e s s t h a n t h e C o n t r a c t R e q u i r e d
D e t e c t i o n L i m i t ( C R D L ) b u t g r e a t e r than o r equal t o t h e I n s t r u m e n t
D e t e c t i o n L i m i t ( I D L ) .
E - T h e r e p o r t e d va lu e i s e s t i m a t e d because o f t h e p r e s e n c e o f
i n t e r f e r e n c e . An e x p l a n a t o r y n o t e must be i n c l u d e d under c o m m e n t s on
t h e C o v e r P a g e ( i f t h e p r o b l e m a p p l i e s t o a l l s a m p l e s ) o r o n t h e
s p e c i f i c F O R M I - I N ( i f i t i s a n i s o l a t e d p r o b l e m ) .
J - The a s s o c i a t e d numerical value is an e s t i m a t e d q u a n t i t y because the
r e p o r t e d c o n c e n t r a t i o n s vere l e s s t h a n t h e r e q u i r e d d e t e c t i o n l i m i t s o r
q u a l i t y c o n t r o l c r i t e r i a vere no t me t .
N - M a t r i x s p i k e d s a m p l e recovery no t w i t h i n c o n t r o l l i m i t s .
S - The r e p o r t e d value was d e t e r m i n e d by the M e t h o d o f S t a n d a r d
A d d i t i o n s ( M S A ) .
U - E n t e r e d i f t h e a n a l y t e w a s a n a l y z e d f o r b u t n o t d e t e c t e d , i . e . ,
l e s s than t h e I D L .
V - P o s t d i g e s t i o n s p i k e f or F u r n a c e AA a n a l y s i s i s ou t o f c o n t r o l
l i m i t s ( 8 5 - 1 1 5 % ) , w h i l e s a m p l e ab sorbance i s l e s s than 5 0 % o f s p i k e
ab sorbance .
* - D u p l i c a t e a n a l y s i s i s not w i t h i n c o n t r o l l i m i t s .
+ - C o r r e l a t i o n c o e f f i c i e n t f o r t h e M S A i s l e s s than 0.995.



APPENDIX A
M E M O T O E P A / O S C D A T E D A U G U S T 6 , 1 9 9 2 ,

I N S P E C T I O N O F T H E T A I L I N G S D A M A T R I C H A R D S O N F L A T S



e c o l ogy ana environment, inc.
1776 S O U T H J A C K S O N S T R E E T . D E M V E R . C O L O R A D O 80210, T E L . 203-757-4984
I n t e r n a t i o n a l S p e c i a l i s t s i n t n e E n v i r o n m e n t

M e m o r a n d u m
T o : M i k e Z i m i a e r m a n

E P A - O S CF r o m : M i k e S u l l i v a n
T A T R e g i o n 8

D a t e : 8 / 6 / 9 2 ^S u b j e c t : I n s p e c t i o n o f t h e T a i l i n g s D a m a t R i c h a r d s o n F l a t s T 0 8 -
9204-015.

U n d e r T D D # T 0 8 - 9 2 0 4 - 0 1 5 t h e U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y( E P A ) ta sk ed t h e E c o l o g y & E n v i r o n m e n t , I n c . T e c h n i c a l A s s i s t a n c e
T e a m ( T A T ) t o i n s p e c t t h e T a i l i n g s D a m a t t h e R i c h a r d s o n F l a t sT a i l i n g s Pond near Park C i t y , U t a h and to p r o v i d e a r epor t on thef i n d i n g s o f t h e i n s p e c t i o n . T h e i n s p e c t i o n d i d n o t e n c o m p a s s - a n yt r e n c h i n g or b o r i n g in the embankment which would be required fora f u l l assessment of the structure. T h i s report r e l i e s heavi ly onthe two r e p o r t s g e n e r a t e d by Dames and M o o r e , I n c . , and on a visuali n s p e c t i o n of the s t ruc ture . The Dames & M o o r e r e p o r t s are "Reporto f Embankment and Die D e s i g n Requirements P r o p o s e d T a i l i n g s PondD e v e l o p m e n t N e a r Park C i t y , . U t a h f o r Park C i t y Venture sC o r p o r a t i o n " ( 1 9 7 4 ) and "Report on T a i l i n g Pond I n v e s t i g a t i o n nearPark C i t y , U t a h f o r N o r a n d a M i n i n g , Inc" ( 1 9 8 0 ) .
B A C K G R O U N D
T h e R i c h a r d s o n F l a t s T a i l i n g s P o n d , l o c a t e d near Park C i t y , U t a h ,was a t a i l i n g s pond which received s lurr i ed m i l l and mine waste sf r o m mining o p e r a t i o n s in the Park C i t y area. - T a i l i n g s weret r a n s p o r t e d to the pond via a s lurry p i p e l i n e . A c c o r d i n g to thehi s tor i ca l records , Richardson F l a t s was o r i g i n a l l y a f l a t areawi th in t e rmi t t en t d r a i n a g e s and S i l v e r Creek running across i t .The area was somewhat marshy and b o g g y . The or ig ina l t a i l i n g s damwas cons truc ted o f organic s o i l s excavated f r o m the s i t e and p i l e dup to f o r m a smal l berm. Lat er raises for the embankment werec o n s t r u c t e d , as n e e d e d , out of sands , grave l s , organic s i l t s , aswel l as rubbish and garbage (Dames & M o o r e , Inc 1 9 7 4 } .
In 1974 Dames & M o o r e , I n c . was c on trac t ed by Park C i t y Venture sC o r p o r a t i o n , the owners of the mine, to inve s t i ga t e e n l a r g i n g thet a i l i n g s p o n d . Dames & Moore I n c . , was to p r o v i d e d e s i gnrequirements f o r t h e p r o p o s e d embankments wi th s p e c i a l a t t e n t i o ngiven to m i n i m i z i n g s e epage o f contaminated pond e f f l u e n t f r o m thet a i l i n g s p o n d . T h e i n v e s t i g a t i o n p r o g r a m c on s i s t ed o f e x p l o r a t o r y

r e c y c l e d p a p e r



b o r i n g , t e s t p i t s , l a b o r a r o r y a n a l y s i s f o r s t r e n g t h c h a r a c t e r i s t i c so f t h e s o i l s , a n d a n a l y s i s o f t h e d a t a t o p r o v i d e d e s i g nrequirement s . T h e r epor t c a l l e d . f o r c o n s t r u c t i o n o f a main
e m b a n k m e n t , a d i k e a l o n g the s o u t h e r n and nor th ern ends o f th ep o n d , a n d c o n s t r u c t i o n o f a d i v e r s i o n d i t c h t o route r u n o f f awayf r o m t h e p o n d .
In 1974 th e embankmen t s and d i v e r s i o n d i t c h were c o n s t r u c t e d ,g e n e r a l l y in accordance wi th the requirements as o u t l i n e d in theDames & M o o r e r e p o r t .
I n 1980 Dames & M o o r e , I n c . a g a i n i n v e s t i g a t e d t h e s t ruc ture f o r
N o r a n d a M i n i n g , I n c . , t h e n e w owners o f t h e mine. A s s t a t e d i n t h er e p o r t s i n t r o d u c t i o n t h e o b j e c t i v e o f t h i s i n v e s t i g a t i o n w a s t o"... a s s e s s the o v e r a l l c o n d i t i o n and u s e f u l n e s s o f the e x i s t i n gf a c i l i t i e s and to d e t e r m i n e what measures w i l l b e required forl o n g - t e r m t a i l i n g s d i s p o s a l f r o m t h e Park C i t y mine." I n th i sr e p o r t Dames & M o o r e no t ed that e n l a r g e m e n t of the embankment hadnot been . . . " b u i l t a c c o r d i n g to r e c o m m e n d a t i o n s ..." and that thef i l l w a s n o t " . . . p r o p e r l y engineered d u r i n g c o n s t r u c t i o n . " .S p e c i f i c p r o b l e m s no t ed by Dames & M o o r e in the c o n s t r u c t i o n o f the
main embankment i n c l u d e d : o v e r s t e e p e n e d s l o p e s o f a p p r o x i m a t e l y1.5:1.0 in many p l a c e s , no evidence of internal zoning of theembankment ( c l a y c o r e ) , the recommended d r a i n a g e zone at the
d o w n s t r e a m toe was not i n s t a l l e d , and that overa l l c o m p a c t i o n ofthe material in the embankment was poor. A l s o noted at th i s timewas "... c o n s i d e r a b l e s e e p a g e in the f o r m of s m a l l s e e p s and marshyareas on the nor thwe s t abutment and at the downs t r eam toe of themain embankment.. .". The report recommended a d d i n g a drainageb l a n k e t to the toe .o f the embankment , f l a t t e n i n g the o v e r s t e e p e n e ds l o p e o f th e main embankment , and g a v e . c o n s t r u c t i o n sequences f ora d d i n g to the dike s .

F I E L D I N S P E C T I O N
On A u g u s t 4 , 1992 TATm S u l l i v a n i n s p e c t e d the main abutment o f theT a i l i n g s P o n d . F r o m vi sual i n s p e c t i o n a n d r e f e r e n c i n g t h e crosss e c t i ons p r o v i d e d in the Dames & Moore report it a p p e a r s that thed ike was raised f r o m the 1980 l e v e l s a l t h o u g h not to the u l t i m a t ed e s i g n l e v e l s . It i s p r o b a b l e that the main embankment was a l soraised at the same t ime. No da ta is a v a i l a b l e on the cons truc t i onor c on s t ruc t i on i n s p e c t i o n of th i s la s t round of cons truc t ion. Thevisual i n s p e c t i o n a l s o i n d i c a t e d that t h e o v e r s t e e p e n e d s l o p e o fthe main embankment had not been f l a t t e n e d and that the dra inagezone at the toe of the main embankment had not been i n s t a l l e d .
T h e Main Embankment-
The main embankment i s about 30 f e e t h igh wi th a s l o p e l e n g t h ofa p p r o x i m a t e l y 50 f e e t . The main embankment i s ov er s t e ep l y i n g at1.0:1.0 to 1.5:1.0 ( r u n : r i s e ) . A p p r o x i m a t e l y 6" of f i n e dry sand,p o s s i b l y w i n d b l o w n t a i l i n g s , was noted under a 3" t o p s o i l cover"layer on the downs t r eam f a c e of the embankment. The sand has no



s t r e n g t h and w i l l e rode q u i c k l y i f e x p o s e d . A 35% to 50% gras scover was on most of the embankment which w i l l h e l p in eros ionc o n t r o l . No c r a c k i n g wa s e v i d e n t on th e e m b a n k m e n t , a l t h o u g h th esand layer would tend to h i d e any s m a l l cracking. A l s o , no b end ing( b u l g i n g ) was noted on the embankment.
T o e o f t h e M a i n Embankment-
Rank v e g e t a t i o n , in the f o r m of w i l l o w s and t r e e s , is growing atthe toe o f the dam. A p p r o x i m a t e l y 8" o f l o a m y d a m p s o i l s areev id en t on the toe o f the dam. The amount o f v e g e t a t i o n and thet y p e o f s o i l s on the toe o f the dam i n d i c a t e that the area receivesa lot of water. As the wet s o i l s were noted a p p r o x i m a t e l y 6 to 8f e e t above the s tream leve l t h i s water is p r o b a b l y due to s e epageunder the dam. Other ev id enc e o f s e e p a g e f r o m the t o e o f th e damw a s ev id en t i n t h e f o r m o f ; s o f t marshy area s , rank v e g e t a t i o ni n c l u d i n g w i l l o w s , l o a m y s o i l s , d a m p s o i l s , and areas where waterhad been s t a n d i n g ( a l t h o u g h no s t a n d i n g water was observed onA u g u s t 4 t h ) .
T h e N o r t h A b u t m e n t -
A s w a m p y , loamy area on the north abutment, a d j a c e n t to where theembankment meet s the a b u t m e n t , was no t ed . The area was we l l abovethe toe of the dam at the l o c a t i o n of the north m o n i t o r i n g well..The north abutment well recharged wel l when b a i l e d . T h e s ec o n d i t i o n s i n d i c a t e that water s e ep s around or through the contactbetween the abutment and the embankment. U n d e r f u l l headc o n d i t i o n s ( s a t u r a t e d t a i l i n g s ) th i s cou ld be an area where f a i l u r eof the embankment cou ld occur.
Cre s t o f th e M a i n Embankment-
The crest i s s l o p e d back toward the t a i l i n g s pond a l l o w i n g anywater to drain back to the t a i l i n g s p o n d . H o w e v e r , smal l erosionalg u l l i e s are f o r m i n g on the crest and downstream f a c e of the dam andcou ld e v e n t u a l l y l ead to larger g u l l y i n g on the dam.
W a t e r F l o w - • .
W a t e r e l e v a t i o n s behind the embankment are unknown, however thee l e v a t i o n of water in the d i t c h and the pond south of the t a i l i n g spond are p r o b a b l y indica t ive of the e l eva t i on of groundwater behindthe embankment. F r o m the i n f o r m a t i o n a v a i l a b l e in the Dames &M o o r e , I n c . r e p o r t s , i t i s u n l i k e l y that a c u t o f f wal l wasi n s t a l l e d around the p er ime t er of the pond to control s e e p a g e underei ther the embankment or the d ike . The p i e z o m e t e r l o ca t ed on thetoe of the dam indicated the water level to be 5 f e e t below ground.The swampy ground and recharge rate of the moni tor ing well on thenorth abutment i n d i c a t e s that water f l o w f r o m some source i soccurring. I n s p e c t i o n of the road cut north of the abutmentrevealed no. s e ep s . W i t h o u t f u r t h e r i n v e s t i g a t i o n , it isconservative to use a worst case scenario and assume that thesource of the s e e p is the water in the t a i l i n g s behind the dam and



tha t t h e a b u t m e n t \ e m b a n k m e n t c on tac t i s a d r a i n a g e p a t h f o r t h ewater .
P e r i m e t e r Dike-
T h e p e r i m e t e r d i k e w a s p r o b a b l y c on s t ru c t ed b y s t r i p p i n g m a t e r i a l so f f o f t h e d o w n s t r e a m s i d e a n d p i l i n g t h e u n d i f f e r e n t i a t e d m a t e r i a lup a s a d i k e . The s l o p e s ar e a p p r o x i m a t e l y 2 . 0 : 1 . 0 . The d ik e i sused as the acce s s road for the pond and it s e l e v a t i o n varies f r o m2 to 5 f e e t above the l ev e l o f the t a i l i n g s in the p o n d . The d ik ea p p e a r s to be in good c o n d i t i o n .
Diver s ion D i t c h -
T h e d i v e r s i o n d i t c h h a s been c o n s t r u c t e d a l o n g t h e p e r i m e t e r o f t h et a i l i n g s p o n d a s d e s i g n e d by Dames & M o o r e . The d i t c h d e p t h andw i d t h var i e s , g e n e r a l l y g e t t i n g d e e p e r and wider a s i t p r o g r e s s e sd o w n s t r e a m . S t a n d i n g water was evident in most of the d i t c h on thes ou thern p e r i m e t e r o f t h e p r o p e r t y . Rushe s , s e d g e s , a n d c a t t a i l swere g r o w i n g in the b o t t o m o f the d i t c h a l o n g the ent ire l e n g t h .Recent work has been p e r f o r m e d by the owners in f l a t t e n i n g thed i t c h banks and a d d i n g t o p s o i l to the banks. T h i s work i sa p p r o x i m a t e l y o n e - h a l f c o m p l e t e d . A c c o r d i n g t o t h e owners, t h erest of the d i t c h is to be s i m i l a r l y r egraded and t o p s o i l e d . Att h e t ime TAT i n s p e c t e d t h e s i t e , t h e h i l l s i d e d i v e r s i o n d i t c h , onth e north p e r i m e t e r o f t h e t a i l i n g s p o n d , had been cu t o f f f r o m th emain d i t c h a s a r e su l t o f t o p s o i l s t r i p p i n g . T h i s impor tantf e a t u r e s h o u l d be reconnected to the main d i t c h as soon as f e a s i b l et o prevent a d d i t i o n a l water f l o w i n g into t h e t a i l i n g s p o n d .
C O N C L U S I O N S
kBased on TATs i n s p e c t i o n , th e prev iou s i n v e s t i g a t i o n conduc t ed byDames & M o o r e , and that the t a i l i n g s pond seems to be e s s e n t i a l l yd r y , there would a p p e a r s to be no imminent threat of f a i l u r e of themain embankment .• F a i l u r e could occur due to the over s t e epenednature of the embankment , e s p e c i a l l y i f the embankment becomessa tura t ed due e i ther to s a t u r a t i o n of the t a i l i n g s or to s a tura t i onof the embankment i t s e l f . A threat e x i s t s o f undermining of the damthrough the uncon tro l l ed s e epage areas located a long the toe of themain embankment ' and on the north abutment. A g a i n the -threat wouldbe increased if the t a i l i n g s become sa tura t ed thus increa s ing thehead pre s sure and p o s s i b l y the v e l o c i t y o f water f l o w through thes e ep s . • .The p r o p e r t y owners are k e e p i n g open the o p t i o n o f r e a c t i v a t i n g thet a i l i n g s p o n d . . I f t h e t a i l i n g s pond i s r ea c t iva t ed a d d i t i o n a lrecommended a c t i on s are noted in p a r a g r a p h B. be low.
R E C O M M E N D A T I O N S
A. K e e p i n g th e t a i l i n g s pond dry through th e maintenance o f th ed iv er s i on d i t c h e s w i l l do the most to prevent f a i l u r e o f theembankment and a p o s s i b l e r e l ea s e of the t a i l i n g s into theenvironment. The connec t ion between th e h i l l s i d e d iv er s i on



d i t c h a n d t h e p e r i m e t e r d i v e r s i o n d i t c h s h o u l d b e r e s t o r e d . I nthe f u t u r e , the s l o p e s on the main embankment s h o u l d bef l a t t e n e d t o 2 . 0 : 1 . 0 or g r e a t e r , and the t o e d r a i n a g e b l a n k e ts h o u l d b e i n s t a l l e d t o a l l o w l i q u i d s t o d r a i n away f r o m th eembankmen t . A m o n i t o r i n g w e l l s h o u l d be i n s t a l l e d on the top
of the t a i l i n g s p o n d next to the embankment to mon i t or thee l e v a t i o n of g r o u n d w a t e r w i t h i n the pond and at theembankment . W i t h water l ev e l e l e v a t i o n d a t a a v a i l a b l e f o r bo thu p s t r e a m of the embankment and at the toe of the embankmentb e t t e r , e v a l u a t i o n s o f the s t a b i l i t y o f the s t ruc ture can bemade. If any s e e p s a p p e a r on th e embankment t h e y s h o u l d b em o n i t o r e d f o r bo th q u a n t i t y a n d ' q u a l i t y . S e e p s c a r r y i n g as ed imen t l o a d g e n e r a l l y i n d i c a t e that ac t ive u n d e r m i n i n g o fthe embankment may be occurring. U n d e s i r a b l e v e g e t a t i o n inthe f o r m o f w i l l o w s and trees s h o u l d be removed f r o m theembankment .
I f t h e p o n d i s t o b e used f o r t a i l i n g s d e p o s i t i o n , s a t u r a t i o no f t h e e x i s t i n g t a i l i n g s i s a d i s t i n c t p o s s i b i l i t y . W i t hs a t u r a t i o n , t h e p o s s i b i l i t y o f f a i l u r e o f t h e embankment i srai s ed due to the o v e r s t e e p e n e d s l o p e s , the e x i s t i n g s e e p s inthe d o w n s t r e a m toe o f the d a m , and the s e e p s a l o n g the northabu tment . S a t u r a t i o n o f t h e t a i l i n g s would increase th e headpre s sure on the s e e p s , p o s s i b l y in cr ea s ing the v e l o c i t y andamount o f water s e e p i n g t hrough th e embankment. A l s o ,s a t u r a t i o n of the t a i l i n g s w i l l tend to raise the waters u r f a c e wi th in th e embankment i t s e l f . W e t t i n g o f t h e materialw i t h i n the embankment can s i g n i f i c a n t l y reduce th e a b i l i t y o fthe m a t e r i a l to re s i s t f a i l u r e . Because the embankment isa p p a r e n t l y c o n s t r u c t e d o f u n d i f f e r e n t i a t e d m a t e r i a l s i t wouldbe p r u d e n t to add in the d r a i n a g e b lanke t at the toe of theembankment and to f l a t t e n the embankment as recommended in the1980 Dames & M o o r e r e p o r t . The p o s s i b i l i t y o f a c u t - o f f wal lbe ing i n s t a l l e d in the embankment s hou ld a l s o be i n v e s t i g a t e d .A l s o , c on t inual m o n i t o r i n g o f t h e s e e p a g e f r o m t h e toe ,i n s t a l l a t i o n of a network of p i e z o m e t e r s and i n c l i n o m e t e r s i srecommended to c o n t i n u a l l y assess the i n t e g r i t y and s t a b i l i t yof the embankment.
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